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PART 1. INTRODUCTION 

1.  PURPOSE AND GROUND RULES 

A.  Purpose  

The requirement  for  this document i s  placed by the Ranger P ro jec t  

Manager  on the Systems Division, JPL.  The "Ranger P ro jec t  Policy and 

Requirements"  document, E P D  65 ,  Rev. 1 ,  8 March  1963 delineates the 

Launch Constraints  Planning Document, i n  p a r t ,  a s  follows: 

' 'The purpose of th i s  document is a s  follows: 

(1 )  To descr ibe  the requi rements  for  tracking and te lemet ry  

support in the period f r o m  launch through launch plus 

three  hour s .  

To provide information which will descr ibe  the r e sources  

available to meet  these requi rements .  
( 2 )  

( 3 )  To examine all other  a r e a s  such a s  s p a t e c r a i t ,  range 

safety,  lau'nch vehicle ,  e t c . .  for  constraints  to  the 

design of the launch per iod and launch windoxv. 

To develop a launch constraints  plan based on the infor-  

mation described in Sections 1 ,  2 ,  and 3 and the c h a r -  

ac t e r i s t i c s  of the nea r  Ear th  t r a j ec to r i e s .  

will be a project requirement  when signed b y  the 

P r o j e c t  Manager.  

(4 )  

This plan 

"This document is to be prepared  ear ly  in the P ro jec t  to g u i d e  other  

act ions.  

"This  document wili be u s e d  as a guideliiie tu the P r o g r a m  

Requirements  Document ( P R D ) ,  the Space Flight Operations P lan  (Sk-OP) , 

the Assembly and Operations Plan (AOP),  S/C-LV integration document.  

the S/C-DSIF-SFOF in te r face  document and other  interface documents .  " 

B. Ground Rules 

Ground ru les  have been establ ished by the RLnger P ro jec t  Office to  

help c la r i fy  the purposes  of this f i r s t  i s sue  of the launch constraints  

document.  These ground ru les  a r e  a s  follows: 

( 1 )  N o  r e sea rch  will be necessa ry  by the contr ibutors  for  

the f i r s t  i s sue .  Ra the r ,  this f i r s t  i s sue  will contain 

only cur ren t  knowledge, and gaps in  th i s  lwiowledge will 

be acknowledged and so identified. 

to the document will become m o r e  detailed and thorough. 

Subsequent revis ions 

- 1 -  



(2 )  This  document is not intended to  rep lace  existing 

documents.  

knowledge relative to  the selection of the launch per iod 

or launch window with pa r t i cu la r  emphas is  on those 

a r e a s  which heretofore  have not been c lear ly  under-  

stood this fa r  i n  advance of the launch. 

emphas is  will  be placed on descr ibing the tracking and 

te lemet ry  coverage necessa ry  to  support  the coverage 

requi rements .  

This f i r s t  i s sue  a s s u m e s  that the spacecraft/vehicle 

sys t em is functioning proper ly ,  and consideration is  

not given to  launch constraints  which resu l t  from a 
spacecraft/vehicle sys t em fa i lure .  

document will descr ibe the launch constraints  which 

resul t  from inadequate tracking coverage ,  even though 

all sys tems are functioning proper ly .  

attention will be directed to  the length of t ime  the vehir.le 

can  spend on the pad  before requiring revalidation, 

re tes t ing,  e t c  . Thus ,  launch constraints  can a r i s e  even 

when all sys tems a re  functioning as  designed. 

words ,  launch constraints  caused by exceeding the 

d e s i g n  l imi t s  fir man-made 

will be considered.  

A s  stated above, l z i i ~ - h  i oris:rair:ts which Qcc:.?r a s  2 

resul t  of system fa i lures  a r e  not considered in  th i s  

document.  For example ,  a launch can take place even 

i f  var ious fai lures  occur  i n  the teiem-etry sys t em.  

Certain te lemetry channels ,  howe\rer, a r e  mandatory 

and m u s t  function proper ly  before  a launch is pe rmi t t ed .  

Similar ly ,  a l l  communication l ines  from the SFOF to  

the DSIF do not have to  be in a t  the t ime  of launch. Some 

can  be down for one reason  o r  another  and not hold the 

launch. P rob lems  of th i s  na ture  a r e  not t rea ted  in this  

is sue.  

It is  r a the r  an accumulation of existing 

Special 

( 3 )  

For  example ,  this  

Similar ly!  

In o ther  

policy l imi t s  o n  the sys t em 

- 2 -  



(4) 

W D  136 

Documents a r e  published which do descr ibe  the launch 

constraints  that resu l t  f rom sys tem fa i lures .  

documents and  the Launch Constraints  Planning 

Document must  be used together  to obtain a complete 

picture  of the possible constraints  to the launch. 

Launch Constraints which would occur  a s  the resul t  of 

conflicts with other  pro jec ts  (Surveyor ,  M a r i n e r ,  

P ionee r ,  e t c . )  a r e  not d i scussed  in this  document. This 

problem i s ,  however,  of r e a l  concern.  

should not be underest imated.  However,  the Ranger 

P ro jec t  Manager h a s  stated that  consideration of this 

problem i s  beyond the scope of th i s  f i r s t  i s sue .  

Publication of the f i r s t  edition of the document i s  

scheduled for  July 26 ,  1963. 

These ground ru les  have been establ ished for  this f i r s t  

i s s u e  only, a id  they will be reviewed p r i o r  to publica- 

t ion of subsequent edit ions.  

dations f o r  the subsequent editions a r e  welcome.  

These 

Its importance 

Comments and recommen-  

This  document delineates requi rements  placed by and the capabil-  

i t i e s  of each of the four (4) sys tems which consti tute the Ranger Block I11 

P r o j e c t .  

Flight Operations Facility (SFOF) and the Deep Space Instrumentation 

Facil i ty (DSIF). In addition, the requi rements  and capabili t ies of the 

Atlantic iMissile Range (AMR) a r e  a l so  descr ibed .  The  information i n  this 

document discussing each of these five (5) a r e a s  i s  obtained f rom a var iety 

of sou rces .  

this  P a r t  I. 

responsibil i ty fo r  the accuracy  of the m a t e r i a l  and to  extend cred i t  to the 

cont r ibu tors .  

These a r e  the spacecraf t  and launch vehicle s y s t e m s ,  the Space 

Each of these sources  i s  acknowledged a t  the conclusion of 

The purposes  of these acknowledgements a r e  to ass ign  due 

2 .  ORGANIZATION O F  DOCUMENT 

The content of the Launch Constraints  Planning Document i s  

a r r anged  in a manner  intended to make  it useful both during the months 

p r i o r  to  launch a n d  during the actual launch opera t ions .  The document is  

- 3 -  



divided into th ree  p a r t s  and a se r i e s  of appendices .  

t i t l ed ,  P a r t  I ,  Introduction; Part 11. Launch Cons t ra in ts ;  and P a r t  111. 

The t h r e e  p a r t s  are 

Launch Operations Plan. 

P a r t  11, Launch Constraints is a s u m m a r y  of all launch cons t ra in ts ,  

delineated in  detai l  in the supporting appendices .  The single exception to  

this  is  the cons t ra in ts  due to inadequate t racking and t e l eme t ry  coverage ;  

these cons t ra in ts  are  discussed in P a r t  111. 
P a r t  LTI, Launch P lan  Operations r e p r e s e n t s  the final product of the 

Launch Constraints  Planning Document. 

mended launch plan incorporat ing the launch cons t ra in ts  summar ized  i n  

P a r t  LI and descr ibed  in  detai l  i n  the  appendices .  

be indentified in  Part ILI, but r a re ly  d iscussed  at any length. 

p r i m a r i l y  will consis t  of easy- to- read  c h a r t s ,  maps, and g raphs .  Those 

documents that a r e  per t inent  to the determinat ion of launch constraint  not 

within the scope of the Launch Constraints Planning Document a r e  l is ted at  

the conclusion of P a r t  III. 

It i s  a presentat ion of the r ecom-  

These  cons t ra in ts  will 

P a r t  LII 

Appendices a r e  descr ipt ions in  depth of the t r a j ec to ry  c h a r a c t e r i s t i c s ,  

the requi rements  for  t racking and te lemet ry  coverage ,  the capabili t ies of 

the Atlantic Miss i le  Range (AMR) and the Deep Space Instrumentat ion 

Faci l i ty  (DSIF) to support  these  requi rements ,  and the launch cons t ra in ts  

which resu l t  f rom other  considerat ions,  such as spacecraf t  and launch 

vehicle hardware ,  operational l imitations of the DSIF and Flight Operation 

Fac ility range safety,  e t c .  The appendices a r e  provided for thorough 

d iscuss ions  of the launch cunstraints  during thc rilontks prcced:ng t h e  

launch.  
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Engineer ,  D. Curkendall 
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Part II. LAUNCH CONSTRAINTS 

1. INTRODUCTION 
This  portion of the document s u m m a r i z e s  all the launch cons t ra in ts  

that  ex i s t  and the effect these constraints  have on the design of the launch 

plans.  

i s s u e  of the Launch Constraints  Document to  those cons t ra in ts  that  r e s u l t  

from sys t em fa i lu re s  o r  when t h e  Ranger schedule conflicts with those of 

other  pro jec ts .  

function as planned are considered herein. 

It should be remembered  that no consideration i s  given in this 

Only launch constraints  which ex is t  even when al l  sys t ems  

These  constraints  a r e  descr ibed in  P a r a g r a p h s  2 through 8 follow- 

ing. 

2. RANGE SAFETY 
To ensu re  the safe overflight of land m a s s e s ,  AMR Range Safety 

de t e rmines  the launch azimuths that a r e  pe rmis s ib l e .  

A waiver reques t  has  been prepared f o r  Range Safety requesting 

pe rmis s ion  to launch Ranger Block III miss ions  i n  a launch azimuth sector 

between 90 and 114". Range Safety h a s  not completed the i r  evaluation of 

this  reques t .  

Range Safety has  allowed Ranger Block 2 and the Mar ine r  R 

vehicles  to be launched in a sec tor  between 93 and 11 1". However i t  is  hoped 

that  a f u l l  sec tor  between 90 and 114" will be granted so  that  the probability of 

launching within the alloted launch window and launch period will be increased.  

3. SPACECRAFT 

T h e r e  a r e  no cons t ra in ts  to  the launch window caused by the space-  

However, the spacecraf t  design does  definit ize the length of the craf t .  

launch. 

F u r t h e r  t r a j ec to ry  design may cause one o r  two days  a t  the end of each 

launch per iod to be eliminated. 

a t  l e a s t  s ix  days long. 

The p resen t  Ranger Block ILI launch per iods a r e  eight days long. 

It appears  that  the launch per iods  will be 

4. LAUNCH VEHICLE 

The following constraints  on the durat ion of the launch window 

resu l t  f rom ce r t a in  cha rac t e r i s t i c s  of the launch vehicle: 

- 6 -  



(1) The Atlas LOX system limits the launch window af te r  

LOX topping to two (2) hours.  

The Agena horizon senso r  will occasionally cause the 

elimination of the l a t t e r  1/5 of the RA-8 and RA-9 
launch windows. 

(2) 

The senso r s  may a lso  el iminate  complete days 

of the RA 6 through C; launch windows. 

suing a solution to this  problem. 

LeRC i s  p u r -  

The launch may also be constrained because of 

the presence  of cold clouds in an a r e a  which wi l l  

influence the sensors .  

P a r t  III will include any constraints  to the 

launch due to  the Agena horizon sensors .  

5. LAUNCH OPERATIONS AT Ah4R 

Launch operations a t  -4MR presen t  no cons t ra in ts .  

6. FLIGHT OPERATIONS FACILITY 

The following communication l inks m u s t  be operating sat isfacto-  a r i l y  before a launch i s  permitted: 

( 1 )  A voice line and a TTY line f rom JPL  Pasadena  to 

JPL Cape Canaveral  

Communications between Cape Canaveral  and Antigua 

o r  a l ternate .  

and the tracking station providing the post second burn 

tracking data. 

A TTY l ine(s)  between JPL Pasadena  and the mandatory 

DSIF stations( s).  

( 2 )  
Communications between Cape Canaveral  

(3)  

Other  than those stated above, no cons t ra in ts  to the launch a r e  

imposed  by the p re sen t  Flight Operations Faci l i ty  provided the facil i ty is 

functioning proper ly .  

7 .  DSIF 

DSIF imposes  no constraints  except those mentioned in  Pa rag raph  8. 
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8. TRACKING AND TELEMETRY COVERAGE 

Since the launch constraints  that can resu l t  f rom inadequate tracking 

and te lemetry coverage a r e  the most  complex constraints  to develop, a 

p rogres s ive  method of four phases  has been devised to a sce r t a in  and define 

such constraints ,  

m 
P h a s e  1. The description of the tracking and te lemet ry  coverage 

requi rements  placed by the Ranger P r o j e c t  on the AMR 

and the DSIF a r e  developed in  Appendix B. 
The genera l  o r  overal l  capabili t ies of the AMR and the 

DSIF in  response to these requi rements  are descr ibed in 

Appendix C. 
These  capabili t ies a r e  summar ized  a s  potential constraints  

in  Appendix D. 

The determination of whether the t racking and te lemet ry  

consideration do, i n  fact ,  become launch constraints  is 

highly dependent upon launch day and launch azimuth. 

F o r  this reason,  they mus t  be t r ea t ed  a s  p a r t  of the day- 

to -day launch constraints acknowledged in  the preparat ion 

of the Launch Operations Plans.  

in  P a r t  In of this document. 

be complete and sufficient f o r  r e a l  t ime decision making 

during the conduct of the launch operation. 

P h a s e  1 has  been thoroughly t reated in Appendix B of this i s s u e  of 

P h a s e  2. 

P h a s e  3. 

P h a s e  4. 

These plans a r e  presented  

P a r t  III then, will, by i t se l f ,  

E P D  130. 

completed. P h a s e s  2, 3 and 4 will be completed in  Revision 1, scheduled 

fo r  publication on 1 November 1964, and the daily rev is ions  which will be 

p repa red  during the launch period. 

However only initial planning in P h a s e s  2, 3 and 4 h a s  been 
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P a r t  

1. INTRODUCTION 

In i t s  final form,  
0 

III. Launch Operations Plan 

P a r t  LZI w i l l  contain t h e  detailed n;inute-b>-- 

minute  launch plan and al l  constraints which can iniluence the 1si.inch 

operations.  It i s ,  of course:, incomplete a t  this ear ly  datc .  Revision to 

the plan will be i ssued  on a dzy-by-day- bas i s  as the launch at tempts  

a r e  made during the actual launch period. However, a typicdl day ttas 

been chosen to i l lus t ra te  how the char t s  and maps  wi l l  be prepared  for  

each launch day. 

An Earth m a p  of the Ear th  t rack for  a launch on December 2 ,  1963 

i s  presented in  Appendix C. 

launch day. 

A s imilar  m a p  w i l l  be p repa red  for  each 

Included in Appendix C i s  ii t-ypical ! + ; l r g r ~ ? h  basr,d a n  the t r a -  

j ec tory  data for the December 2 ,  1963 launc]?. 

launch azirriuili the t r ack ing  te:ern?tr;- coversgt '  i n  support  of the  tracking 

and t e l eme t ry  coverage requirements.  

azimuths on which coverage i s  incomplete. 4dd:tioz?all);, i t  affords  a 

It S!IO\VS as a iunctior, of 

I ' h j  s c h a r t  -s i l l  shov,~ the 1ai:nch 

means  for  a quick evaluation $11 ar.y ch;ng!c in co\- t - rLge c -ipal>ilit; i?s a 
r e s u l t  of equipment fa i lure  during thc countdc,\:m. Bargraphs  of  th is  

na ture  will be p repa red  on a day-by-day basis  d e s c r i b i n g .  for  ezch l n u n c h  

plan, all  appropriate  f ac to r s  associated lv i th  that  plan, T h u s ,  constraints  

due to  inadequate tracking and tr-lemetrL- coveraqe will be summar ized ,  

as well as constraints  due to the Agena horizon s e n s o r .  

favorable  launch azimuths will be identified. 

Esspeciall t ;  

Finally,  i t  is  planned to have available during the  operat ions a 
. .  l a r g e  wall m a p  8 x 2'1 fec.t  of thc: 98 to i13" a z i i x u t h  corr1e-r f r o m  Cape 

Canaveral  to Australia.  This  map  will show, in appropriate  detail ,  the  

incrementa l  changes in t racking te lemetry coverage a s  the launch azi - 

muth is  varied.  The bargraph and c h a r t  will be drafted f rom t h i s  map. 

2 .  OTHER DOCUMENTS CONTAINING LAUNCH CONSTRAINTS 

As  stated in P a r t  I, t h i s  f i r s t  issl%ie of t h e  Laiinch Constraints  

Planning Document i s  not considering constraints  due t u  sys tem failar<As. 

Obviously:, such f a i lu re s  can occur and can constrain a launch. The 
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pertaining to tliis subject :  

( 1 )  Launch and !>old c r i t e r i a  

( 2 )  

( 3 )  

Sys tem t e s t  and  ope ra t ions  m j n i l a l  (STOh.1) 

Tes t  and opera t ions  plan (TOP)  
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APPES'DIX A.  Ranger r r a j e c t o r i e s  
EPD 130 

I .  INTRODUCTIOX 

This appendix will point out briefly the p a r a m e t e r s  which influence 

the n e a r - E a r t h  portion of lunar t ra jec tor ies  in general  and descr ibe  the 

Ranger  nea r -Edr th  t ra jec tor ies  i l l  pa r t icu lar .  

desc r ibe  the design p rocess  but ra ther  only the r e su l t s  will b e  presented .  

Xo at tempt  \vi11 be made to 

At p re sen t  the final t ra jec tor ies  for Ranger a r e  not available.  How- 

e v e r ,  the information included i n  the Launch Constraint  Planning Document 

will bracket  the expected range of p a r a m e t e r s  in the nea r -Ea r th  portion of 

the final t r a j  ec tor ie  s . 

II. THE ASCENT TRAJECTORY 

The Ranger spacecraf t  f o r  the Block IU. miss ion  is  to be delivered 

A s  the vehicle leaves to injection by the Atlas  D/Agena B launch vehicle.  

the launch pad i t  wili c l imb vertically fo r  approximately 15  seconds during 

which t ime  the Atlas  ro l l s  to the proper  a t imu th  angle that i s  determined 

by the lift-off t ime .  After  the initial ver t ica l  r i s e ,  the vehicle pitches over  

into a z e r o  lift t ra jec tory  guided only by the open-loop Atlas  autopilot. 

Approximately 2 1/2 minutes af ter  l if t-off.  the booster  engines a r e  jet- 

t i  soned and the vehicle continue 5 under the poa e r  of the sus ta iner  erlgine 

only. At this  t ime the ground-based guidance loop IS closed and the sus- 

t a iner  guides the vehicle to the proper  A t L s  cut-off conditions. Foilowing 

Atlas/Agena separat ion and a c o a s t  period de termined  by the - A t l a s  guiddnce 

s y s t e m ,  the  Agena stage (oriented ~ p ~ r o x i r n a t e l y  in a l o c  a1 horizontal  

attitude) igni tes  and injects  the spacecraft/-4gena combination into a 100- 

nautical- mi le  parking orb i t .  

o r b i t ,  the Agena enqine re- igni tes  and acce le ra t e s  the spacecraf t  to the 

p re sc r ibed  injection energy.  

empty Agena s tage executes a yaw t u rn  and p e r f o r m s  a r e t r o  maneuver i n  

o r d e r  to prevent  i t s  posslble impact of the planet.  

Following another coas t  period in  the parking 

The spacecraf t  i s  then separa ted  and the 

F igu re  A- 1 is  a plot of a typical powered flight profile in the plane 

of the t r a j ec to ry .  The f igure  depicts the downrange dis tance t r ave r sed  

v e r s u s  alt i tude f r o m  launch through the tune  of Agena r e t r o  maneuver .  

A- 1 



111. THE N11-4R E A R T H  TRAJECTORY 

1..11ri2 r trc?jt i r u r i e s  ran be approximated by a single geocentr ic  conic 

p-ta .vhi)it.  i,l ris1.t. is nearly eqlial to t h e  parking orbi t  radius  arid whose 

.tj;i~ze.-' ; c  t.,:;!~ n thtx lunar distance !rclni E a r t h .  

c - i  l i p i t -  ( ;,:I bt: ~::+;ght c f  a s  rotating with the  Ear th  and containing t h e  launch 

> - . ] t ~  u r , t i i  tilt, i!l+,tar,t s ~ C  i i i t -o f i .  

t r i c  i : ) t ~ ; - t i x l  coordinates .  

thc  :r:insfer el l ipse at ellcounter t ime which i n  t u rn  de t e rmines  the time of 

lat:!?ch. 

:ite ;tt I2lircii t i m e  and tho Moon a t  encounter t ime. 

; ) lane  o i  the  t ra ; isfer  ellipse: is completed by the parking orbi t  coas t  a r c  

\:,::?ich ; i l I o w 5  ti:<: l , ,c .a t ion I - J ~  the second A g e n a  burn to  inject  the spacecraf t  

! : L t i j  1- ? ~ ~ i g e c  c ) i  tlr-t- transCer e l l ipse to  o?-)tain masinium payload capabi l i t ies .  

s t t  i c , r  the ro t a t ion  o i  t h e  E a r t h ,  the lacnch azimuth and parking 

This Earth-Moon t r ans fe r  

T h e r e a f t e r  t h e  e l l ipse is fixed in  geocen- 

Geometrically i t  is requi red  that the Moon in t e r sec t  

To i t e r a t e ,  t h e  plane of the t r a n s i e r  ellipse contains the launch 

The geometry in  the 

c ) r ? ) i t  cira?t AT'' a r e  a d j i i s i e d  y i ~ ~ ~ ~ i i t a ~ : ~ ~ i i ~ l > r  io prese r - \  t' t h e  rcqGired ee9-  

ni r t  r i c ;lil r e  i a t  i U R  5 . 

l h e  R a n g e r  1u:iar t ra jec tor ies  charac te r i s t ica l ly  have flight times of 

t i l e  orde r  ~i 56 h o u r s .  

l - ta t \vee : i  i-,.,zctio--, ?.I.? lunar encouEter of 167 d e g r e e s .  

Th:;  flight t ime r e su l t s  in a geocentr ic  cen t r a l  angle a This  places  the 

i;>.ie(-Lion i ,>c i  nec i r ly  opposite to the  Earth-Moon direction at encounter .  

;I r e s a l t .  t h e  ia t i tudc-  of the injection loci c h a n g e s  a s  the edclination of the 

? A , i o l ;  a t  tIic:<jLir:ttrr c'harige5; except that they change i n  an  opposite d i rec t ion ,  

j .  .:. , f c ~ l -  p ~ ~ ~ ! : : ~ . - e  de.; i :nationr of the Moon at  encounter the injection loci 

a rs .  far-ihi>st d ~ , \ ! \ ~ ~ r a n c c .  

tt:c i n j e c t i c n  l ( ~ , c i  arc;  n e a r e s t  the launch s i t e .  

:3ti!litie oi izjec tion dt.i?-i:?g the launch window (through the azimuth range)  

is a;ixios~ co::;-t.ani. b.it i t  does  v a r y  f rom day to  day as a function of the 

dt: i . l ination of thc  hiloor a t  enL.ol.inter. 

A s  

. .  . .  

E'or segative declinations of the Moon a t  encounter 

During a launch pe r iod ,  the 

Dat: to XXfK consi:!er:ltioris t h e  maximum allowable launch azimuth 

s e c t o r  that c - a n  be utilizc-d is 90-1 14 d e g r e e s  eas t  of nor th .  The injection 

l c i c i  for a l l  ijossihle lau:-,c'r! d a y s  i r o n i  October 1963 t o  December  1964 a r e  

SiioWri in  'r'ig1.11-e~ -4-2 t u  - 4 - 1 7 .  

ty-picai iacr-lC-h dab- 

More detailed analysis  is  included fo r  

it: tho illii..tratioiis contained in -4ppendix C .  
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APPENDIX B. Requirements  for  Tracking 
and Telemetry Coverage 

1. INTRODUCTION 

The purpose of this  appendix i s  t o  desc r ibe  in  detail  the t racking 

and te lemet ry  coverage requirements  that  r e su l t  as a consequence of the 

Ranger Block 111 miss ions .  Basically,  t h r e e  ca tegor ies  of requi rements  

exist: (1)  the technical  data and support  requi red  - by the t racking and 

t e l eme t ry  faci l i t ies  (AMR and DSIF) and needed to  m e e t  the i r  mi s s ion  

commitments ;  (2) t racking coverage requi red  - of AMR and DSIF; and ( 3 )  

t e l eme t ry  coverage  requi red  - of AMR and DSIF. 

AMR and DSIF have cer ta in  requi rements  compr is ing  category ( 1 )  

above. These  requi rements  must  be m e t  and ce r t a in  l imitations of AMR 

and DSIF capabili t ies observed in o r d e r  that  AMR and DSIF can ,  in tu rn ,  

support  the requi rements  placed upon them.  

capability l imitat ions a r e  descr ibed in P a r a g r a p h  111. 

These requi rements  and 

The t racking and te lemetry coverage  requi ren len ts  placed upon 

AbfR and DSIF a r e  t r ea t ed  in Paragraphs  IV and V .  These requi rements  

or iginate  f rom the four following a r e a s :  

(1) Ranger Block 111 Mission Requirements  

The mission requi rements  a r e  placed on the AMR 

and the DSIF by the Ranger  P r o j e c t ,  JPL, Pasadena ,  

California 

SLV-III (Atlas D) Booster Requirements  

The Atlas booster  requi rements  a r e ,  in  n?ost i n s t ances ,  
( 2 )  

independent o i  the payload. 

placed on the AMR by the 6553th Aerospace T e s t  Wing, 

P A F B ,  Florida.  

S-01 (Agena  B) Rooster  Requirements  

These requi rements  a r e  

( 3 )  
The Agena vehicle r equ i r emen t s  a r e ,  in  m o s t  ins tances ,  

independent of the payload. 

placed on the AMR by the Agcna Sys tem,  LeRC, Cleveland, 

Ohio. 

These requi rements  a r e  

(4) AMR Range Safety 

The Range Safety requi rements  a r e  placed by the 

Deputy fo r  Range Operat ions.  
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Requirements  placed on the AMR, defined in  i t e m s  (1) and ( 3 )  

above,  a r e  placed through the NASA Tes t  Support Office (NTSO). 

Requi rements  placed on the AMR, defined in  i t ems  ( I ) ,  (2), and ( 3 )  a r e  

specif ied in  the appropr ia te  Booster Requirements  Document (BRD) and 

P r o g r a m  Requirements Document (PRD).  

a r e  specified in the appropriate  Space Flight Operat ions P lan  (SFOP).  

Range Safety requi rements  a r e  placed on the AFMTC through a sys t em 

in te rna l  to  the range.  

Requirements  placed on the DSIF 

The requi rements  for tracking and t e l eme t ry  coverage are  placed 

in  acco rd  with the i r  importance to the successful  accomplishment  of the 

m i s s i o n  and a r e  segregated into c l a s s e s ;  i . e . ,  C l a s s  I Requirements ,  

C la s s  I1 Requi rements ,  and Class  III Requirements .  These c l a s s  desig-  

nations a r e  used extensively by AMR and a r e  defined in Pa rag raph  11. 

P a r a g r a p h  I V  of this  appendix develops the t racking coverage 

requi rements  in  the following manner :  

( I )  The Inission r squi remcnts  s ta te  tiictt the spacvcraf t  

m u s t  impact  the h€oon a t  the des i r ed  aiminp point at  

the des i r ed  t ime within a ce r t a in  accuracy  to le rance .  

(2)  A midcourse  maneuver will be used ,  i f  n e c e s s a r y ,  to 

c o r r e c t  t ra jec tory  e r r o r s  a t  injection. 

( 3 )  There fo re ,  a requirement  for orbi t  determinat ion 

accuracy  p r io r  to the midcourse  will he placed s o  that 

the subsequent maneuver  c a n  m e e t  the misslor ,  accu racy  

requi rements  at lunar  impact .  

(4) The tracking coverage,  data interval  and data accuracy  

requi rements  will then be placed on the AMR and DSIF 

to support  the orbit determinat ion accuracy  r equ i r emen t s .  

Pa rag raph  'v' of th i s  appendix develops the t e l eme t ry  coverage  

r equ i r emen t s  in  a s imi l a r  fashion to that employed i n  P a r a g r a p h  I V .  

11. DEFINITION O F  CLASSES I, 11, AND 111 REQUIREMENTS 

Requirements  f o r  t racking and te lemet ry  coverage a r e  placed 

according to  the i r  impor tance  a s  either Class  I ,  11, or 111. These  C las ses  

a r e  defined by AMR a s  follows: 

" C l a s s  I requi rements  reflect  the minimum essent ia l  needs to 

in su re  accomplishment of p r i m a r y  t e s t  object ives .  

B-2 



These a r e  mandatory requi rements  which, i f  not m e t ,  

may  resu l t  in  a decision not t o  launch. 

requirements  define the needs to  accomplish all s ta ted 

t e s t  objectives. 

requirements  define the ul t imate  in  des i r ed  support .  

Such support should enable the Range U s e r  to achieve 

the t e s t  objectives e a r l i e r  in  the t e s t  p rog ram.  'I  

Some additional discussion of the t h r e e  c l a s s e s  is appropr ia te  h e r e .  

C las s  II 

Class  ILI 

Class  I 

Class  II 

Class  III 

J P L  miss ions  have consistently honored th i s  requi re -  

men t .  

Class  I requirements  could not be m e t .  

des i rab le  to continue this policy. 

These  requirements  a r e  des i r ab le  but the lack of Class  

II coverage does not consti tute grounds for  a hold of 

the launch. 

A corol lary to C las s  iiI capability is a s  follows: 

"The value of support  capability in excess  of Class  LLZ 

capability will not be significantly higher  than the 

value of the Class  LII capability i tself . ' '  

No  JPL launches have e v e r  taken place in  which 

It i s  highly 

111. AMR AND DSIF REQUIREMENTS 

A .  AMR Requirements  

The AMR requi rements  must  be me t  so  that  i t  can ,  in  t u r n ,  support  

the requi rements  placed on i t  for  t racking and t e l eme t ry  coverage .  These 

AMR requi rements  are  defined below. 

1 .  T ra j ec to ry  data 

a. Pre launch  

Tra j ec to ry  data m u s t  be provided to  AMR s ix  ( 6 )  weeks 

p r i o r  to the launch. These data are  p rocessed  b y  the AMR to  

obtain range safety information ( see  Appendix D) and nominal 

look angles for  AMR tracking s ta t ions.  

a r e  provided by Space Technology Labora tor ies  (STL) under 

subcontract to Lockheed Miss i les  and Space Company (LMSC). 

The prepara t ion  of these data  is well controlled by schedules  and 

the Agena Lunar Per formance  Pane l  mon i to r s  this  activity at  all  

t i m e s .  When these  data a r e  provided a s  scheduled, they will not 

cause any constraint  to  the launch. 

These t r a j ec to ry  data 
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b. Inflight 

,4MR genera tes  inflight prediction data for acquisit ion by 

Idownrange tracking stations.  These inflight m e s s a g e s  a r e  based 

on uprange trackirig . 
constraints  due to inadequate uprange t racking.  

uprange tracking from the -4MR land stations i s  margina l  duriiig 

the beginning O i  any launch window i .  e .  , 90-96 d e g r e e s ,  ) 

f o r e ,  t he re  i s ,  cur ren t ly ,  no launch constraint  due to inadequate 

uprange t racking in the azimuth sec tor  between 90-1 14 degrees .  

Here to iore ,  t h e r e  hat-e  been no launch 

(However ,  

The re -  

2 .  Communications 

AMR r cqu i r e s  coiiiiiiunications with the range tracking statioqs . 
However  

sys tem is adequate and does  not constrain a launch. 

is a s ta te  of R F  "blackout"t,etween a station and the Cape. 

occl i r rence (only occasiunnally predictable) may c a u s e  a hoid. 

B ~ DSIF  Reqi..?i.-eaer,ts 

if' the range i s  functionizg a5  designed, the communications 

A possible  exception 

Such a n  

The DSIE' requiI*ements rr1u.it be m e :  .qu i t  c a n ,  in t u r n ,  slipport t h e  

requiremvnts  plac.td on it lo r  tracking and telt,nit:trv coverage.  

The DSIF i s  not designed to provide a t racking capability durixg the 

parking orbit  and i iear-Earth u h z s e  uf the t r a j ec to ry .  

requirement.. i i l i i > t  be n i c t  t o  a l l \ ) \v  the DSIF t o  provide tracking arid tvlerri- 

Several  DSLE' a 
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F o r  reliable acquisit ion,  f i r s t  acquisit ion predict ions 

to the DSIF should be available at SFOF a t  l ea s t  t en  

(1  0 )  minutes  before " f i r s t  look". However ,  predicts  

will be useful up to 10 minutes  before  end of station 

view. 

Angles (HA-Dec) - Accuracy:  to  at l ea s t  *3 degrees  

for  first acquisition and within *O. 2 degrees  the rea f t e r .  

One-way doppler frequency - Accuracy:  within 100 cps  

at the signal frequency and tagged so it will be possible  

to  re la te  t ime to frequency (actual)  within n seconds of 

each  l /n Kc of frequency shift per second. 

Two-way doppler frequency - Accuracy:  within 100 cps  

at the signal frequency and tagged so i t  will be possible 

t o  re la te  t ime to  frequency (actual)  within n seconds of 

each 1/n Kc of frequency shift p e r  second. 

Transrxi t ter  frequency p i ed ic t s  - Accuracy:  to  the 

nea res t  5 cps  a t  the signal frequency and t ime  tagged 

within 10 seconds of ac tua l .  

Spacecraft  transponder da ta  a s  validated a t  launch (L-5 

minutes)  for the following : 

( 1 )  Ancillary osci l la tor  frequency 

( 2 )  Ground t ransmi t te r  at  z e r o  spacecraf t  s ta t ic  phase 

e r r o r  (SPE) 

Spacecraft t r ansmi t t e r  a t  z e r o  spacecraf t  SPE 

Ground t ransmi t te r  frequency corresponding to  the 

average  no-signal t ransponder  SPE vol ts .  

( 3 )  

(4)  

Data interval  for  prediction m e s s a g e s  will be chosen 

on an  individual bas i s  for  each mis s ion .  

could be one ( 1 )  l ine p e r  two ( 2 )  minutes  for  the f i r s t  

hour  and one ( 1 )  l ine p e r  five (5)  minutes  f rom one ( I )  

to  t h ree  ( 3 )  hours .  

A typical choice 

3 .  Additional Requirement 

The DSIF 85-foot antennas have s e v e r a l  requi rements  relating to 

station capabili t ies.  

l i s ted  below are not exceeded:  

It i s  a requirement  that  the maximum capabili t ies 
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(a) One-way Doppler: 

Frequency tuning range  *30 Kc (maximum doppler 

shift) 

Loop noise bandwidth 20-60 cps  at threshold 

(switchable).  

Poss ib le  frequency rate ( f )  v s  signal level  for  

var ious noise bandwidths. (These  data will be 

provided in the next i s sue  of this  document.  ) 

Acquisition time v e r s u s  f v e r s u s  quality of pred ic-  

tion data .  

i s sue  of this document.  ) 

, 

(These  da ta  will be provided in the next 

(b) Two- Way Doppler: 

Same a s  (a. 1.) above. 

( I  /2) oi the velocity range covered by one-way 

doppler.  

normaily be supplied unless  reques ted .  ) 

Loop noise bandwidth - same as ( a ,  2 )  above. 

Poss ib le  f ve r sus  signal level  for  var ious noise  

bandwidths. 

cps/second will be vir tual ly  imposs ib le .  

data will be provided in  the next i s sue  of th i s  docu- 

ment .  ) 

Frequency r a t e  ( f )  r e s t r i c t ions  on combinations of 

doppler and t r a n s m i t t e r  VCO s e a r c h  r a t e s .  (These  

data will be provided in  the next i s sue  of th i s  docu- 

ment .  ) 

Acquisition t ime  v e r s u s  f v e r s u s  quality of pred ic-  

tion data .  

i s sue  of this document . )  

(Note that this  is  one-half 

Adjacent channel coverage will not 

Acquisition a t  rates g r e a t e r  than 50 

(These  

(These  da ta  will be provided in the next 

(c)  Angle Tracking:  

( 1 )  For  reliable acquis i t ion,  t racking r a t e  should not 

exceed 0 . 4  deg rees  p e r  second.  

r a t e  is 0 . 7  deg rees  per second.  

System max imum 

( 2 )  Multipath P rob lems  

(a) Acquisition antenna,  angle t racking data is  

accura te  to about 0.5 degrees .  However the 
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multipath effect will resu l t  i n  poor  angle data 

a t  elevation angles  of l e s s  than 10 degrees .  

(b) Big Dish. Angle data is accu ra t e  to about 0 . 1  

degrees .  However ,  the multipath effect will 

resul t  i n  poor  angle data  a t  elevation angles  of 

l e s s  than 2 d e g r e e s .  

The DSIF Mobile Tracking Station in  South Afr ica  has  maximum 

caoabilities as follows : 

(1)  One-way doppler. Same as 85-foot d i shes  

(2) Two-way doppler.  Same a s  85-fOOt &shes  

(3)  Angle t racking.  Tracking r a t e  should not exceed 20 

deg rees  p e r  second. 

4. Summary  of DSIF Requirements 

This  paragraph  i s  a summary  of the two preceding paragraph  B. 2 .  

and B. 3 .  

of the R F  sys t em a c l e a r e r  picture of the l imitat ions imposed on the t r a -  

j ec to ry .  

I t s  purpose is to  present  to those not aquainted with the complexities 

The DSIF requi rements  s tem from the antenna l imitat ions in  the 

following two areas : 

(a) Angles:  

The 85-foot antennas have a maximum angle 

r a t e  of 0 . 7  degrees  p e r  second on each a x i s .  

Afr ica ,  however, the Mobile Tracking Station h a s  a 

maximum angle r a t e  of 20 deg rees  p e r  second. 

At South 

(b)  Doppler:  

The system can  accommodate  a doppler shift of 

This co r re sponds  to  a s lant  *30 K c  without retuning. 

range r a t e ,  r, of approximately 9 km/sec .  

pointed out that  the possibil i ty of retuning during the 

launch phase i s  highly imprac t i ca l .  

doppler r a t e  of the s y s t e m  is *3 Kc/sec2 which c o r r e -  

sponds to  a slant range acce lera t ion ,  r ,  of 0 . 5  km/sec  . 
Fur the rmore  the DSIF antennas r equ i r e  a nominal 

It should be 

The maximum 

2 . .  

acquisit ion t ime of - 2  minutes .  

because sho r t  view per iods  usually r e su l t  i n  high angle 

F o r  this  r eason  anc. 
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and doppler r a t e s ,  the  DSIF is not commit ted for  view 

per iods  of less than 5 minutes .  

I V .  TRACKING COVERAGE REQUIREMENTS 
a 

A. Introduction 

The requi rements  for tracking coverage to  be supplied by AMR and 

by the DSIF are developed in  the following manner :  

(1) Those premidcourse  orbi t  determinat ion accuracy  

requi rements  that affect  both AMR and DSIF are 

developed in  subparagraph B, following. 

The da ta  accuracy and coverage r equ i r emen t s  placed (2) 
upon AMR are specified in  Subparagraph C ,  

following. 

The data  accuracy and coverage  requi rements  placed 

upon the DSIF a r e  specified in  Subparagraph D, 

following. 

B. Orbi t  Determination Accuracy Requirements  

( 3 )  

In o r d e r  to  sat isfy the Ranger mis s ion  object ives ,  the guidance 

disDersions a t  the Moon m u s t  be held within c e r t a i n  limits. These  d is -  

pe r s ions  arise f rom t h r e e  causes :  0 
( 1 )  E r r o r s  in orbi t  determination due to noisy da ta  and 

uncertaint ies  in  physical and observat ional  constants .  

E r r o r s  in executing the commanded maneuver  

Unpredictable t ra jec tory  per turbat ions occurr ing  a f te r  

the maneuver  caused by so la r  s t o r m s ,  att i tude j e t s ,  e t c .  

(2)  

( 3 )  

The requi rements  for  allowable e r ro r s  due to the conditions s ta ted in B ( 1 )  

above a r e  specified by c l a s s e s  in the following text .  These requi rements  

a r e  s u m m a r i z e d  in  Table B-I, P a r t  1 .  

1 .  C la s s  I Requirements  

T h e s e m i - m a j o r  axis of the 1-u e r r o r  e l l ipse  shal l  not be g r e a t e r  

than 150 km on the final p remidcourse  maneuver  orb i t  using t racking data  

available up to seven ( 7 )  hours  before the f i r s t  Goldstone Set.  

a .  Accuracy 

Based upon the best e s t ima tes  of the Space Sciences 

Division to da ta ,  the p r imary  t e s t  objectives can  be m e t  only if 

impact  occur s  between 10 and 40”  f rom the t e r m i n a t o r .  If the 
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Angles 

deg 

Table B- 1. Spacecraft  Tracking Coverage Required of DSIF 

(Requirements  placed by JPL) 

3 -way 
dopple r 

cps  

( 1  - r ) ,  

PART I 

Ranger Block 111 Orbit  Determination Accuracy Requirements  

Time 
synchron- 

ization, 
seconds 

C las s  I Orbit  Determination Accuracy Requirements  1 

Abs. frequency 
stabil i ty over  

one (1) minute 
intervals  

t I 

0. 06 

0.018 

I 

0. 5 

0. 15 

IT 

0. 004 

0.0001 

III 

3.0 x 10-10 

-10 1 . 0  x 10 

Using a l l  data to Goldstone se t  - 7 hours:  
I -u SMAA 5 150 km 

(1) Using al l  data to Johannesburg se t  - 7 hours: 
(approximately L + 4h): 1 -u SMA-4 I 150 km 

(2) Using a!l data to Goldstone set  - 7 hours:  
1 - t ~  SMAA I 30 km 

Using all data to Goldstone set  - 7 hours:  
1-u SMAA I 3 k m  

PART II 
DSIF Tracking Data Accuracy Requirements  

" Guar ante e dn 

Desired, not 

Ranger  Block 111 

gu a rant  e e d" 
Ranger  Block UI 

Ultimate 

(Effective Noisq* at 1 sample p e r  minute) 

2-way 
doppler 

C P  S 

(1  -U), 

0. 2 

0. 067 

0. 02 

.b -*- 
Effective noise accounts for correlat ions in the data,  var ia t ions in 
re f rac t ion  cor rec t ions ,  osci l la tor  drift ,  cycle count drops, t r ansmi t t e r  
var ia t ions,  etc.  
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Table B-1 (Cont'd) 

PART IIl[ 
Orbit  Determination Accuracy Capabili t ies* 

Favorable  
azimuth 

Acquisition time 
m e a s u r e d  f rom 

injection, minutes  

0 
5 

10 
15 

Unfavorable 
azimuth 

20 
25 

Orbi t  
determinat ion 

accu racy  
requi rement  

I 

~~ ~~ ~ ~ ~~~~ ~ 

Semimajor  Axis of the 40% Dispersion El l ipse 

Required DSIF Stations for Class  I and Clas s  11 
Tracking Coverage 

C l a s s  I C l a s s  11 

(1) MTS, Woomera, or  C l a s s  I s ta t ions p lus  one 
(2) Joburg ,  Woomera, o r  (1) additional station 
(3)  MTS, Goldstone, o r  
(4) Joburg ,  Goldstone, o r  
(5) Woomera,  Goldstone 

Upran e injection, S. A. 

see SIC post-injection 
is l S  /.! DSIF station to 

LI 
(Requirement  

No. 1) 

Favorable  
azimuth 

15 lun 
20 
50 
60 
70 -- 

(1) MTS. Woomera o r  
(2) Joburg,  Woomera 

Unfavorable 
azimuth 

3 5  km 
60 
80 
90 
100 -- 

Downrange injection, 
Woomera is  1st DSIF 

station to see SIC 
po s t  - injection 

I 

-- - -  
80 km 

110 
130 
150 

*Assumes 5-minute acquisit ion after r i s e  above 5" horizon, 9 hours  of 
t racking  data with no drop outs,  both Woomera and South Africa t racking,  
no AMR data, C l a s s  I data accuracy.  

PART IV 
Required DSLF Stations 

M TS, Joburg,  W oom e ra 
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midcourse  maneuver  i s  targeted to 25 degrees  from the 

t e rmina to r ,  an e r r o r  a s  large a s  *700 k m  (in the R-T plane) can 

be tolerated.  The requirement to insure  the accomplishment of 

the miss ion  objectives is that the combined 3-IJ e r r o r  e l l ipse 

f r o m  both orbi t  determination uncertaint ies  and midcourse  

execution e r r o r s  fall entirely inside this  pe rmis s ib l e  interval .  

The 3-(T e r r o r  f rom a full maneuver  (60 M/S) may be taken to be 

450 km. 
should have a semimajor  axis of not m o r e  than 450 k m ,  or a 1 - r  

-- 

Therefore ,  the orbit  determination 3-cr e r r o r  e l l ipse 

value of 150 km.  

b. Available Data 

The s tandard sequence of events includes the execution of 

a midcourse maneuver ,  i f  n e c e s s a r y ,  during the f i r s t  Goldstone 

p a s s .  

maneuver  must  begin seven (7) hours  p r io r  to the Goldstone end- 

of-view so that the following planned operat ions can be executed: 

The final premidcourse  orb i t  determinat ion,  

The calculation of the midcourse  maneuver ,  

The re fo re ,  determination of the final p remidcourse  

( 1 )  

(2 )  
(3)  The t ransmiss ion  and ver i f icat ion of commands ,  and 

(4) Sun and Ear th  reacquisit ion and post maneuver  t racking 

and t e l  em et r y  . 
2.  Class  II Requirements 

There  a r e  two Class  II requi rements .  They a r e  l i s ted  below in the 

o r d e r  of the i r  p r io r i ty :  

( 1 )  The semimajor  ax is  of the 1 -u el l ipse mus t  be 5 150 krn 

using al l  tracking data available up to Johannesburg se t  

minus seven hours  (approximately L t 4 hours ) .  

A maneuver  could then be executed during the Johannesburg 

pass, if  des i red ,  and s t i l l  meet  the requi red  premidcourse  

orbi t  determination accuracy  requi rement .  

The semimajor  ax is  of the I - u  el l ipse must  be I 30 km 
using all  tracking data available seven (7) hours  before 

se t  t ime on the f i r s t  Goldstone pass. 

The orb i t  determination uncer ta in t ies  would then be 

comparable  to the expected execution e r r o r s  over  t he  

whole ensemble of cor rec t ions  as determined by the 

(2) 

B-11 



U D  130 
s ta t i s t ica l  descr ipt ion of the injection vehicle inaccur -  

acies. 

given fo r  the Class I requi rement  which assumed that a 

This f igure is to  be cont ras ted  with the f igu re  

full  60 M / S  maneuver  was  performed. 

3. C l a s s  111 Requirements  

The semimajo r  axis of the 1-0 el l ipse m u s t  be < 3 km seven  (7)  - 
h o u r s  before the end of the Goldstone pass. 

The  orbit determinat ion uncertaint ies  would be negligible ( 1 / 10) 

i n  compar ison  with the midcour se  execution e r r o r s .  

C. Tracking and Data Accuracy Coverage Required of A M R  
The AMR is requi red  to determine the orb i t  of the launch vehicle  to  

Each of these requi rements  is descr ibed  below, sat isfy a var ie ty  of needs.  

f i r s t  fo r  the launch vehicle and second for  the spacecraf t .  

1 .  Launch Vehicle Orbi t  Determination 

The AMR m u s t  provide tracking coverage  of the launch vehicle for  

orb i t  determinat ion to  sat isfy five (5) specific needs.  

Safety,  launch vehicle perfcrrnance evaluation, AMR look a:igle calculation, 

spacecraf t  o rb i t  determinat ion and launch vehicle post re t ro-maneuver  orb i t  

determinat ion.  

needs a re  developed in  Subparagraphs a through e following. 

These  a r e  Range 

Tracking coverage  requi rements  to sat isfy these  five (5) 

a. Range Safety 

Launches f rom AMR are monitored during the ea r ly  phase 

of the flight by AMR Range Safety. 

sibil i ty to  des t roy  the vehicle via  an R F  des t ruc t  command link i n  

the event the vehicle violates any des t ruc t  c r i t e r ion .  

maintains  a des t ruc t  capability throughout the ascent  into the 

parking o rb i t .  

en t ry  into the parking orb i t .  

needed by range safety during th i s  phase .  

Range Safety has  the reapon-  

The  AMR 

Destruct  capability is  disabled a few seconds a f te r  

Tracking (and t e l eme t ry )  da ta  a r e  

AMR h a s ,  heretofore ,  been able to provide the t racking 

coverage  requi red  to permi t  launches of Rangers  and M a r i n e r s  

i n  a sec to r  between 93-111 degrees  e a s t  of nor th .  It is expected 

that th i s  capability can  support a launch between 90-1 14 d e g r e e s .  

However ,  range safety policy may not allow a sec to r  g r e a t e r  than 

93-111 degrees  ( s e e  Appendix D).  
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A launch hold can be called i f  c e r t a in  range t racking 

s ta t ions which provide mandatory coverage for  range safety are  

inoperative.  

Manager by the NASA Test  Support Office (NTSO), both p r i o r  to 

the launch and during the countdown. The P r o j e c t  Manager a l so  

has  a d i r ec t  phone to the Superintendent of Range Operations 

(SRO) during the countdown. 

Such information will be given to the P ro jec t  

In summary ,  adequate tracking coverage for range safety 

purposes  does exis t  if all AMR stat ions r equ i r ed  are operating. 

"Down" s ta t ions ,  however, may resu l t  i n  a hold. 

b. Launch Vehicle Per formance  Evaluation 

Tracking data a r e  requi red  by the NASA launch vehicle 

agency (Lewis Research  Cen te r ,  LeRC) fo r  launch vehicle evalua- 

tion. 

each of the Agena burns ,  and data a r e  des i r ed  during the powered  

flight phases .  

These  data a r e  required (C las s  I) for  a shor t  time af te r  

Table B-II shows these  r equ i r emen t s .  

c .  AMR Look Angle Calculation 

The AMR provides inflight data  to the downrange tracking 

s ta t ions as an acquisition aid.  

depends on adequate uprange t racking.  

t ions are based on data  gathered in support  of requi rements  placed 

in  the other  four a r e a s  now being d iscussed .  

requi rements  usually will not,  of t hemse lves ,  cons t ra in  a launch. 

Information on constraints  is received v ia  the channels descr ibed  

in  a ,  above. These requirements  are  presented  in  Table B-11. 

Generation of t hese  look angles  

These  look angle calcula-  

Hence,  these  

d. Spacecraft  Orbit  Determination 

The AMR t r a c k s  the C-band beacon in  the Agena s tage .  

Until separa t ion  the orbi ts  of spacecraf t  and Agena are the s a m e .  

At separat ion a relat ive velocity of about 2 ft /sec is impar t ed  by 

a spr ing sys tem which does not a l t e r  the total  momentum.  Since 

the separat ion velocity i s  small the AMR t racking of the Agena 

s t age ,  both p r i o r  to  and subsequent t o  separa t ion ,  is ve ry  

valuable in determining the spacec ra f t  o rb i t  and in  checking other  

t racking sys t ems .  A fur ther  complicating factor  is the 
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Table B-II. Launch vehicle tracking coverage required of AMR 
(Requirements placed by LeRC)* 

Accelerabon 
AX. AY. Az.  AR 

Posihon X, Y, Z 

V e l o c r ~  Vx, Vy, 

VZ' V R  

-- 
tcm 
no 
-- 

1 

2 

3 

4 

5 

6 

ti 

9 

10 

I I  

1 2  

I 3  

14  

_ _  

0-zoo0 It 

2000-5000 ft 

2000-5000 f t  

---- 
Data required IntcrvJ 

I 

Acceieration 
AX. A y .  AZ .  AR 

P c r i h o n X ,  Y, 2 

Velocity V x ,  Vy. 
vZ' 

Acceleration AX, 
Ay. AZ. A R  

Radar Polar 
Coordinate data 
(corrected azi-  
muth,  elevation 
and slant range) 

Postt ion and 
x.elncity data (GE 
requirement) 

i G O 0 - 1 G O . 0 0 0  f t  

I0c.000 f t  thru 
VECO+ 1 sec  to 
stage r/lr 
Sopar a ti on 

Same as prevlous 
one 

Same as prevlous 
me 

Launch to Stage 
s p a r a t i o n  

Ti 20 sec until 
burnout plus 50 
sec 

Metric launch data 

Data 
points/sec 
__ _- -. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Pbrpose and r emarks  

1. Required for u\cr-a!l 
evaI,-abon of stage p c r -  
formance o r  gross m d -  
functlon anal)eis Also 
for analysis of vehicle 
rol l  and pitch program 
performance. 

2. Optlclf position data 
reference to bottom hor-  
izontal Stage li paint pat-  
era  Ime. 

3. Co~ t inuous  t r a c h g  
required. 

4. Evaluauon of Stage I and 
U guidance TUG control 
system performance. 
Continuous tracking 
required.  

5. I tem3 1 through 3 a r c  
joint GD/A, LhlSC 
requirements;  i tem 4 is a 
LMSC requlrement.  
(Remark No. 4 applicable 
to l tem5 1 1 ,  12, 13, 14) 

'Data i n  Table B-li a r e  obtained from Booster Requlreinents Document (BRD) NOUWl 
jLV - 3/5 - 01/S - 01 A, dated 17 November 1962. 
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Data 1 Purpose and r emarks  . a rltem ' no. Ddta required Ln:erva1 pulnts/sec Class I Class  U CAass UI 

7 

8 
- 

f230 ft  Position x. Y, S-c 
mepariaon thru 
I m t  burn cutoff -i *60 s c c  

To determine parking orbi t  
injection condihons and to 
enable trajectory malysis .  1 

I 

Radar polar Same a s  above 
coordinate data, 
corrected rd -  
muth, elevation, 
slant range 

H Same a s  above 

Posit ion X. Y, Z 

Vrlocity \Ix, VY.  
"2 .  "R 
W a r  Polar  
coordinate data. 
corrected azi-  
muth. rlevation. 
and slmt range 

H 

Posifion X. Y, Z 

Radar Polar  
coordinate data, 
corrected azi-  
muth, ele\-ation 
and slant range. 

H 

Stage Il 2nd burn 
igrulon rn1nt.s 10 
sec to 2nd burn 
cutoff 

Same as above 

Same a s  above 

Same as above 

Stage II 2nd burn 
cutoff to r e t r o  
rnanruvcr. 

It 1s n.andatory 
that any 60 sec 
of contmaous 
tracking data be 
obtained during 
this zntervai. 

Same as above 

Same a s  above 

Metric midcourse data 

*10,000 f t  

*ZOO ft/sec 

*IO, 000 f t  

+IO. 000 f t  

___- 

*IO00 f t  

f Z O  ft/6eC 

*LOO0 f t  

f 1000 ft  

hletric orbital m d  space data 

10 

10 

10 

10 

-_ 

IO. 000 It 

t10,ooo It 

t 2 O O  f t /sec 

:IO, 000 f t  

:10.000 f t  

* I @ ,  oou f t  

*ZOO ft /oec 

+10.000 f t  

tlOOO f t  

tlGOO f t  

t2O i t /sec 

f1000 f t  

f1000 f t  

i 
i 

*zoo i t  

*1000 it 

+20 ftjsec 

*IO00 f t  

tZ60 f t  

--__ 

*zoo f t  

+2  ft /sec 

* Z O G  f t  

*ZOO It  

-.----A 
Stage 11 r e s t a r t  and powered 
f l ight  To determine injec- 
tion con&t:ons and vehlcle ' 
periormanct.. I 

(LMSC Requirements) 

! 

Final stage vehicle miseion I 
trajectory.  To determ:ne 
injection con&tions and 
vek,icle performance. 

Track of the 2nd stage f o r  a s  1 
long a s  possible after r e t r o  
maneuver !not to exc-rci 3 nr  i 
af ter  injeraon)  1 5  desirablc  

1 to support secondary tes t  
objectives. This reqLlre- , 
nient for  post re t ro-man- ' i 
euver  shall  not be allowed to ! 
cunstrain the po~51bie fir:r.g 1 
Kindow which misht  other-  ' I 

I wise be available. 

I 

'Events a r t  used t o  de te r -  
mine intervals  a s  t5ey vary 
with the mission. 
(LMSC Reqliircmentsi 

1 
1 

! 
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re t ro-maneuver  applied to the Agena s tage seve ra l  minutes  a f te r  

separat ion.  However , even t racking information a f te r  th i s  event 

is helpful during the flight. 

I t  is c l e a r  that  the process ing  of AMR raw data a f te r  

injection into the t r a n s f e r  orb i t  i s  involved and conditional on 

te lemet ry  identification of ce r t a in  events .  

of the different AMR data types,  e. g. , range and angles ,  with 

r e spec t  t o  DSIF data  is a task  requir ing m o r e  information than is 

available to AMR. 
sgpplied. The re fo re ,  requirements  a r e  placed by JPL stating that  

the Agena orbi t  will be determined by AMR and that raw tracking 

data will be furnished J P L  during launch. Raw data a r e  he re in  

defined as raw azimuth,  elevation and range points which have 

not been a l te red  by smoothing, weighting, e t c .  Two exceptions 

to this  definition exis t :  

The relat ive weighting 

Hence, it is impor tan t  that raw data be 

( 1 )  It is des i r ed  that r aw sh ips '  data  be co r rec t ed  for ships '  

motion. However, sh ips '  range data  a r e  valuable even 

i f  ships '  motion h a s  not been removed.  

It is  permiss ib le  to  remove blunder points from the 

data ,  p r i o r  t o  t ransmiss ion  to JPL/AMR during the 

launch. 

(2 )  

These requi rements  result  f rom the need to: 

look angles as an acquisition a id  ( s e e  III-B); and 2) contribute to 

the calculation of the midcourse maneuver  ( s e e  IV-B) .  These 

requi rements  a r e  discussed in  detai l  in  Subparagraphs 1 and 2 

following. 

1 )  

1 )  calculate DSIF 

Calculation of DSIF Look Angles 

Pa rag raph  ILI-B-2 d iscussed  in  detai l  the prediction 

m e s s a g e  accuracy  for sa t i s fac tory  look angles .  

accuracy  requirements  a r e  met i f  C la s s  I data  accuracy  is 

m e t  during the C las s  I in te rva ls  specified.  

in te rva ls  of coverage requi rements  fall  immediately a f t e r  

injection into the parking orbi t  and immediately a f te r  injection 

into the t r a n s f e r  orbit .  

men t s .  

should be received a t  the s i te  10 minutes  p r i o r  to the station 

These 

In gene ra l ,  these  

Table B-111 desc r ibes  these  r equ i r e -  

P a r a g r a p h  ID-B-2 s t a t e s  that  DSIF Look Angles 
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Table B-III. Launch vehicle tracking coverage required of A M R  
(Requirements placed by JPL) I - 0  
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view. 

these look angles within a few minutes  a f te r  receiving the raw 

tracking da ta .  

Calculation of the Midcourse Maneuver 

Hence,  the AMR operations mus t  be designed to  provide 

2) 
Raw tracking data a r e  requi red  f rom AhAR by JPL/ 

Pasadena  fo r  two purposes .  

a) Spacecraf t  Orbit  Determination Reliability 

The reliabil i ty of the spacecraf t  o rb i t  determinat ion 

is closely cor re la ted  with the number  of t racking s ta t ions 

contributing data.  

f o r  example,  prove invaluable in  resolving apparent  

discrepancies  between two other  data  s o u r c e s ,  both of 

which appear  to  be operating proper ly .  

An independent th i rd  data  source  can ,  

Also i t  i s  obvious that data sou rce  redundancy 

during the parking orb i t  and during the t r a n s f e r  orb i t  is 

valuable during each phase ,  respect ively.  However,  two 

additional points a r e  ve ry  important .  First, r aw data  

obtained during the parking orb i t  can  be ve ry  useful in 

r e  solving apparent disc  r epancie s be tween two s ta t ions 

tracking during the t r a n s f e r  orb i t .  Second, sh ips '  data 

can be exceedingly valuable,  under a var ie ty  of c i r cum-  

s t ances .  For  example,  e r r o r s  i n  sh ips '  location can ,  

under cer ta in  c i rcumstances ,  have a negligible effect on 

the value of the tracking da ta .  

always valuable,  even i f  the data a r e  uncorrec ted  for  sh ips '  

motion. These examples a r e  typical and not at all unlikely 

occur rences .  

Also, sh ips '  range data a r e  

Many s imi l a r  si tuations can  be descr ibed .  

In summary  then,  parking orb i t  raw da ta  are 

valuable to JPL for both parking orb i t  and t r a n s f e r  orb i t  

application, and ships '  data  can be valuable even with l a r g e  

e r r o r s  i n  heading and location. Of cour se ,  A M R  land 

station raw da ta ,  then,  a r e  even m o r e  useful .  

b) Spacecraft  Orbit Determination Accuracy 

AMR raw data a r e  a lso used in  improving the 

accuracy  of the spacecraf t  p remidcourse  orbi t  de t e rmi -  

nation p r o c e s s .  However,  the data m u s t  be m o r e  accura te  
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for  th i s  application than f o r  the improved reliabil i ty 

discussed in  2 . a .  above. In gene ra l ,  data with Class  11 

accuracy  can be used occasionally in  calculating the 

spacecraf t  orbit  p r i o r  to  the midcourse  maneuver  calcu- 

lation. Use of Class II data would be par t icu lar ly  likely 

when ea r ly  DSIF data  were  miss ing  due t o ,  pe rhaps ,  a 

shor t  overhead p a s s  with excessive t racking r a t e s ,  or 

when a block of ea r ly  DSIF data  was miss ing  due to 

equipment fa i lure .  C las s  ILI data would have sufficient 

accuracy  to be used regular ly  in  calculating the space-  

c ra f t  premidcourse orb i t .  

descr ibed in Table B-In. 
These data requi rements  a r e  

c )  Raw Data Delivery Requirements  

The reliabil i ty and accuracy  of the spacecraf t  o rb i t  

can be improved with AMR raw tracking data i f  the data 

a r r i v e s  a t  the Flight Operations Facil i ty in t ime.  

orbi t  determination p r o c e s s  begins a t  injection which 

always occur s  within 40 minutes  of launch. 

Class  I da ta  delivery requi rements  a r e  as follows: 

The 

There fo re ,  

Class  I AMR raw tracking data mus t  be 

del ivered to JPL/AMR no l a t e r  

than L t 1 hour .  

It is des i rab le  to have the data del ivered in  n e a r - r e a l  

t ime (within two (2 )  minutes  of recept ion)  to inc rease  the 

t ime in which the data can be p rocessed  p r i o r  to the 

beginning of the orbi t  determination p rocess  and t o  in su re  

the capability of meet ing the Class  I1 orbi t  determinat ion 

requi rements .  

JPL calculation of DSIF look angles  in the event some 

sys tem failure prevented AMR f r o m  fulfilling this  function. 

Therefore ,  Class I1 data  del ivery requi rements  a r e  a s  

follows : 

Also,  the data would then be available for  

Class  II AMR raw tracking data mus t  be 

received at  JPL/AMR in nea r  

r ea l - t ime  (within two minutes  of 

the event).  
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e .  Launch Vehicle Pos t  R e t r o  Maneuver Orbit  Determination 

It is des i rab le  t o  be able to calculate the orb i t  of the launch 

vehicle a f te r  i t  has executed i t s  r e t r o  maneuver .  However,  such 

information is not essent ia l  to the success  of the mis s ion ,  and it i s ,  

t he re fo re ,  a Class  II requirement .  This requirement  i s  specified 

in  Table B-III. 

2.  Spacecraft  Orbit  Determination 

There  is no requirement  for  AMR t racking of the spacecraf t .  

D. Tracking Data Accuracy and Coverage Required of DSIF 

Requirements  placed on the DSIF a r e  t o  t r a c k  the spacecraf t ;  t h e r e  

a r e  no requi rements  on the DSIF to t r a c k  the launch vehicle.  

P remidcourse  orb i t s  of the spacecraf t  are requi red  for two r easons .  

These  reasons  and the corresponding data accuracy  and coverage requi rements  

a r e  d iscussed  in  Subparagraphs 1 and 2 below. 

1 .  Requirements  for  Premidcourse  Maneuver Orbi ts  

The re  a r e  two requirements  for  premidcourse  maneuver  o rb i t s .  

These  requi rements  a r e  described as  follows: 

( I )  DSIF Look Angle Calculation 

An ear ly orb i t  of the spacecraf t  mus t  be determined 

to allow calculation of look angles for subsequent t r a c k -  

ing. 

with the aid. of preflight nominal graphs  and inflight p r e -  

diction messages  based on the liftoif nominal t ra jec tory  

and a l so  the actual orbi t  an  determined by AMR. Sub- 

sequent acquisitions a r e  made  with m e s s a g e s  based on 

o rb i t s  calculated f rom data  obtained to satisfy the r equ i r e -  

men t s  i n  Subparagraph b. below. The re fo re ,  no addi- 

tional requirements  fo r  coverage are  placed. 

In general ,  the DSIF init ial  acquisit ions a r e  made  

(2)  Midcourse Maneuver Calculation 

A final p remidcour se  maneuver  orb i t  of the space-  

c ra f t  mus t  be determined  to p e r m i t  subsequent calcu-  

lations of the appropr ia te  maneuver .  
\ 

2 .  Requirements  for Data Accuracy and Tracking Coverage 

The orb i t  determination accuracy requi rements  of the Ranger Block LII 
miss ion  a r e  s ta ted in Paragraph I V - B .  In o r d e r  to mee t  these r equ i r e -  

m e n t s ,  raw tracking data  f rom the DSIF stations mus t  be provided. These  

B-20 



%D 2.30 

data  will be contaminatea with noise to  some degree ,  and the amount of 

da ta  that will  be received will vary.  The re fo re ,  i t  is requi red  that the 

expected accu racy  of the data (Data Accuracy)  be specified as well as the 

amount of data  needed (Tracking Coverage) .  

a .  Data Accuracy 

Raw tracking data in the form of two-way doppler ,  t h ree -  

way doppler ,  and antenna pointing angles  are  provided by the DSIF 

fo r  orb i t  determinat ion.  These data will contain noise due to  

cor re la t ions  in  the da ta ,  var ia t ion in  re f rac t ion  cor rec t ion ,  

osc i l la tor  d r i f t ,  cycle  count d rops ,  t r a n s m i t t e r  var ia t ions ,  e t c .  

The re fo re ,  it  i s  necessary  to  specify the amount of noise  which 

can  be expected,  so  that the a p r i o r i  o rb i t  determinat ion capability 

can  be predicted as the launch azimuth and launch day a r e  va r i ed .  

Es t ima tes  of the data  accu racy  to  be expected during the 

Ranger  Block III miss ions  have been m a d e .  

l i s ted  in  Tabie B-I,  P a r t  I1 as Ranger Block 111 Data Accuracy 

Requirements .  These requi rements  are now being used by Section 

312 in  the orb i t  determination capability study f o r  the Block 111 

mi s sion . 

These  e s t ima tes  a r e  

The orbi t  determination capabili ty can  be significantly 

improved as the quality of the t racking data  improves .  

i o r e ,  Table B-I, P a r t  I1 contains a l ist ing of data  accuracy  which 

i s  "highly des i rab le"  and a l so  a l ist ing of data accuracy  which 

r ep resen t s  the "ult imate" in  data accuracy  des i r ed .  This  d i scus  - 
sion of data accuracy  will be concluded now with two ( 2 )  additional 

comments .  

( 1 )  

The re -  

It should be remembered  that this  document is concerned 

solely with the launch to  L i 3 hours  phase of the Ranger 

Block ILI miss ions .  The re fo re ,  da ta  accuracy  requi rements  

for o ther  mis s ions  o r  for the coast  and encounter phase of 

Ranger  mis s ions  a r e  not d i scussed .  

It i s  beyond the scope of this  document to d i scuss  in  sufficient 

detail  the ground rules  used in determining the da ta  accuracy  

t o  be expected during the Ranger Block ILI m i s s i o n s .  Suffice 

i t  to say  that these specifications r ep resen t  the c u r r e n t  best  

e s t ima te  of the "guaranteed" data  quality for the R a n g e r  Block III 

( 2 )  
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miss ions  based on past experience.  

these es t imates  will be m a d e ,  of c o u r s e ,  as m o r e  experience 

is accumulated.  

Continued up dating of 

b .  Tracking Coverage 

With the quality of the t racking data defined (Subparagraph 

it i s  now possible to specify the t racking coverage 2 preceding) ,  

required to mee t  the orbit  determinat ion requi rements  specified 

in Pa rag raph  FV-B. However, s eve ra l  ground ru l e s  mus t  be 

s ta ted and agreed  upon f i r s t ,  i n  o r d e r  that  th i s  complex problem 

can  be simplified and reduced to  its essent ia l  p a r t s .  

(1 )  The p r i m a r y  objective (used throughout th i s  document as a 

guideline) is to enhance the probabili ty of achieving a mis s ion  

success .  

It is requi red  that the Class  I orbi t  determinat ion requi rements  

be m e t  to ensu re  achieving the p r i m a r y  mis s ion  objectives.  

I t  may be requi red  (second o r d e r  effect) that  Class I1 orbi t  

determination accuracy requi rements  be m e t  to ensu re  a 

mis s ion  success .  

Final ly ,  i t  i s  not required that Class  III orbi t  determinat ion 

accuracy  requirements  be m e t  to  ensu re  achieving a mis s ion  

success .  

The re fo re ,  the greatest  effort  will be directed toward 

descr ibing how best  to mee t  Class  I orbi t  determination 

accuracy  requi rements .  

on how to mee t  Class I1 orbi t  determinat ion accuracy  requi re -  

men t s  so that a general  understanding of the problem will be 

possible .  No  t ime will be spent on descr ibing requi rements  

necessa ry  to mee t  Class I11 orbi t  determinat ion accuracy .  

Class  I tracking coverage requi rements  i n  support  of the 

Class I orbi t  determination accuracy  requirement  will be 

specified on the assumption that each s ta t ion which mus t  

supply good tracking data wil l ,  in  fac t ,  produce such da ta .  

Thus,  the integri ty  of the Class  I definition will remain  intact .  

However ,  on severa l  occasions a t racking s i te  has  appeared 

to be operating sat isfactor i ly  and yet the data  were  in  e r r o r  

and this  fact went undetected in r ea l  t ime .  Such an occurence 

Enough discussion will be presented 

(2)  
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is par t icu lar i ly  likely during a difficult f i r s t  p a s s .  

one concludes that it is  very  des i rab le  to  a s s ign  additional 

DSIF s ta t ions to a tracking pa t t e rn  a r r anged  to provide 

redundancy, thereby minimizing the probabili ty of not 

achieving the C las s  I orbi t  determinat ion accu racy .  

policy will be exploited in  establishing Class  I1 t racking 

coverage  requirements  i n  support  of the Class  I orb i t  d e t e r -  

minat ion accuracy  requi rement .  

C la s s  I and Class  II t racking coverage requi rements  i n  sup- 

po r t  of the C las s  I1 orbit  determinat ion accu racy  requi rements  

m u s t  also be specified. 

Therefore  , 

This 

(3) 

A policy s i m i l a r  to  that used to 

descr ibe  the coverage i n  support  of C las s  I orb i t  accuracy  

will be used .  

Answers  to  the following questions m u s t  be provided in this 

document for  all days and all launch az imuths :  

(a) 

(4 )  

Which DSIF stations m u s t  l e  “up”  (predicted to  be 

operating a t  the t ime  of the i r  view) to p e r m i t  the launch. 

(This  r ep resen t s  the C las s  I t racking coverage in  support  

of the C las s  I orbit determinat ion a c c u r a c y  r equ i r emen t s .  ) 

Once liftoff occu r s ,  which t racking pa t te rn  will maximize  

the probability of achieving the C las s  I orb i t  determinat ion 

accuracy  requi rements ,  acknowledging known DSIF 

f a i lu re s ,  i f  any, and potential f a i lu re s ,  both detectable 

and undetectable in r ea l  t i m e .  

Can the Class  I1 orbi t  determinat ion accuracy  requi rements  

be m e t ,  and can  the SFOP exploit th i s  capability without 

degrading t h e  probability of achieving the Class  I orbi t  

determinat ion accuracy r equ i r emen t s .  This  question 

m u s t  be answered both during the pre  launch planning and 

the post launch rea l - t ime opera t ions .  

(b) 

(c) 

(5) It is a s sumed  that the Class I orbi t  determinat ion accu racy  

requi rements  m u s t  be m e t  t o e n s u r e  mis s ion  success .  

f ac t  r ep resen t s  the point from which all depa r tu re s  a r e  made .  

However ,  i t  m u s t  be emphasized that the mis s ion  can  succeed 

(although i t  cannot be so  “guaranteed!’ p r i o r  to launch) even 

though the Class  I orbit  determinat ion accu racy  requi rement  

This  
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is not met. F o r  example,  the midcour se  maneuver  can  be 

delayed pas t  the Goldstone first view so that additional 

t racking can  be obtained to define the orb i t  to  the 1-cr - 150 km 

specification. 

preflight s tandard procedures  because:  ( 1 )  Goldstone i s  

considered the best  station f rom which to  conduct a maneuver ,  

and (2 )  the midcourse  maneuver capability to c o r r e c t  injection 

guidance dispers ions diminishes a s  the mar,cuver t ime  is  

delayed. 

However,  th i s  procedure  is undesirable  for  

These five (5) ground ru l e s  have been followed in 

establishing the tracking coverage requi rements  l i s ted  in  

Table B-I Part LV. 

It is  beyond the scope of th i s  first i s sue  of the Launch 

Constraints  Document to specify the tracking; coverage 

requi rements  on a day-by-day and launch azimuth-by-launch 

azimuth bas i s .  However, the next edition of th i s  document 

will contain such a plan. 

p re l iminary  r e su l t s  of an orb i t  dktermination accuracy  study 

which is s t i l l  in  p rogres s .  

theoret ical  o rb i t  determination accuracy  achieved a s  a function 

of ( I )  amount of data obtained (2)  data  accu racy ,  (3)  acquisit ion 

t i m e ,  (4) data dropout and (5) incorporat ing AMR raw data .  

This  document does contain the 

This  study will de te rmine  the 

These prel iminary r e su l t s  a r e  presented  in Table B-I 

P a r t  111 and show that the Class  I orbi t  determinat ion accuracy  

requirement  can be me t ,  assuming injection to acquisit ion 

t i m e s  of l e s s  than 3 0  minutes ,  without Goldstone data .  

Table B-I P a r t  I V  a l so  shows the c u r r e n t  bes t  es t imate  

of the Class  I and Class XI DSIF stat ion combinations requi red  

to  satisfy the Class  I and Class  I1 orbi t  determinat ion accu-  

r acy  requi rements .  

Table B-I P a r t  LV i s ,  of c o u r s e ,  g rea t ly  simplified 

and r e p r e s e n t s ,  a t  bes t ,  a first look a t  Ranger Block III 

t racking coverage requi rements .  

The revis ion to th i s  document will p re sen t  in  tabular  

f o r m  the resu l t s  from the orbi t  determinat ion accuracy  study. 

One of the tables  will p resent  the coverage requi red  to  sat isfy 
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the Class  I and C las s  II orbi t  determinat ion accuracy 

requi rements  for  each launch day and for var ious launch 

azimuths within each day .  The second of the two tables  will 

display the theoretical  impact s ta t i s t ics  f o r  s eve ra l  tracking 

pa t te rns  for approximately every  th i rd  day of the launch 

per iod and for  severa l  launch azimuths.  

V. TELEMETRY COVERAGE REQUIREMENTS 

A. Introduction 

Requirements  fo r  coverage of the spacecraf t  t e lemet ry  through the 

spacecraf t  L-band or Agena l inks a r e  placed on the AMR and the DSIF. 
Requirements  a l so  exist  for  coverage of the vehicle te lemet ry  for vehicle 

evaluation. 

B. 

These l a t t e r  requirements  a r e  placed only on AMR. 

Telemet ry  Coverage Required of AMR 

Requirements  for coverage of both launch vehicle and spacecraf t  

t e l eme t ry  a r e  placed on AMR. 
graphs  1 and 2, following. 

1 .  Launch Vehicle Evaluation 

These requi rements  a r e  t rea ted  in  Subpara- 

Evaluation of the Atlas and Agena per formance  r equ i r e s  coverage 

of the Atlas  and Agena te lemet ry  sys tems during ce r t a in  phases  of the 

flight. 

In addition Range Safety requi res  ce r t a in  vehicle te lemet ry  data 

during the boost phase.  

These  requi rements  a r e  presented in Table B-IV. 

2.  Spacecraf t  Evaluation 

The spacecraf t  t e lemet ry  can be received by a station equipped at 

L-Band (960 m c )  and a l so  a station designed to  rece ive  Agena te lemet ry .  

The spacecraf t  t r ansmi t t e r  1960 mc) is continuously radiating f r o m  liftoff 

and the te lemet ry  signal a l so  modulates the 90 Kc s u b c a r r i e r  of the Agena 

t e l eme t ry  sys t em.  

t e l eme t ry  coverage requi rements .  

The AMR should exploit both l inks to  satisfy spacecraf t  

The requi rements  f o r  coverage a r e  s ta ted he re in  and presented  in 

Table B - V  and B-VI as follows. 

a .  Class  I 

JPL just i f ies  Class I requi rements  a s  necessa ry  to sa t i s fy  

Hence,  i t  is important  that  data  the p r i m a r y  miss ion  objectives. 
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be obtained so that changes to the succeeding spacecraf t  can be 

made  in the elsent of a malfunction. The shroud separat ion and 

the Agena/spacecrait  separation events a r e  c r i t i ca l  ~ and moni-  

tor ing these  functions will enhance the probabili ty of mis s ion  

success .  

b .  Class  I1 

It is highly desirable  that the per formance  of the space-  

c raf t  be continuously monitored throughout the mis s ion  f rom 

launch to  impact .  

ing all of the mission objectives.  

t o  complete the i r  acquisition p r o c e s s .  

Such coverage i s  essent ia l  to  guarantee m e e t -  

The DSIF r equ i r e s  5 minutes  

The re to re ,  continuous coverage f rom launch to the point 

a t  which continuous DSIF view begins ,  plus 5 minu tes ,  is con- 

s ide red  a Class  I1 requi rement .  

tabulation of these requi rements .  

Tables  V and VI  contain the 

c .  Class  111 

The C las s  111 requirements  a r e  t h e  s a m e  a s  those of 

Class  11. 

C. DSIF 

The DSIF i s  required to obtain spacecraf t  t e lemet ry  coverage f rom 

L t 58 minutes  to  Launch plus three ( 3 )  hours .  (The  per iod f rom L t 3 

hours  to encounter i s  beyond the scope of this  document . )  This  requi re -  

ment  ref lects  the fact that  the spacecraf t  r i s e  t ime  a t  LVoomera will not 

occur  l a t e r  than L + 54 minutes .  Thus ,  coverage f rom Johannesburg 

and/or Woomera will be continuous a f te r  L t 54 minu tes .  

Requirements  may a lso  be placed on the DSIF  (Johannesburg)  to 

cover  port ions of the flight between launch and L t 58 minutes .  The DSIF 

capabi l i t ies  during this  ea r ly  period will be uti l ized, where  poss ib le ,  i n  

harmony with the AMR faci l i t ies .  

It i s  expected,  however ,  that the ma jo r i ty  of support  during this  

ea r ly  phase will be provided by AMR. 

TM Stations used by A M R  a r e  par t  of the AMR capabili ty.  

I t  i s  assumed h e r e  that the L-Band 

It i s  beyond the scope of this f i r s t  i s sue  of the laurich cons t ra in ts  

document to specify the requirements  fo r  coverage f rom the DSIF for  each 

launch day for  the  Ranger Block III miss ion .  
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However ,  the subsequent editions of th i s  document will specify the 

requi rements  f o r  coverage on a d a y  by day bas i s .  

will va ry  significantly f r o m  day to  day as the injection loci  move 

down range .  

requi rements  and capability limitations descr ibed  in  P a r a g r a p h  IU-B-3. 

of this  Appendix. 

D. Data Delivery 

1 .  AMR 

These requi rements  

up and 

However,  the requirements  will be consis tent  with the DSIF 

T h e r e  are  no requi rements  for del ivery of S / C  data  in  r ea l - t ime  o r  

n e a r  r ea l - t ime  f r o m  &R t o  J P L .  The t e l eme t ry  data  obtained by AMR 

during the preinjection and ea r ly  postinjection phase  will be used  by JPL 

in post  flight ana lys i s .  

However ,  the r e su l t s  f rom one launch will influence subsequent 

launches.  

p r i o r  t o  the next launch opportunity. 

c l a s s  requi rements  l isted helow. 

Hence ,  data m u s t  be delivered in  t ime  for  n e c e s s a r y  analysis  

These  needs a r e  expres sed  in the 

Class I All data must  be delivered to JPL/AMR n o  l a t e r  than 

5 calendar  d a y s  after the launch. 

It i s  required that data  be del i \ -ered within 36 hours  

of the launch. 

The Class  111 requi rements  s t a t e  that a rea l - t ime ( R F  

o r  cable re t ransmiss ion  to the Cape) data r e tu rn  i s  

required.) 

C las s  I1 

Class 111 

2 .  D S I F  

Te leme t ry  data a r e  requi red  f rom the DSIF in rea l  t ime (within 5 

m inute s ) . 
a. It is des i rab le  that the  composite spacecraf t  te lernetrv signal be 

relayed f rom the DSIF launch station to  J P L / P a s a d e n a  f r o m  

L - 3  hours to T 3.5 minutes (shroud separat ion) .  

Capability f o r  continuous real  t ime  t r ansmiss ion  of data  to J P L  is 

requi red  for all DSIF view periods of m o r e  than five (5) minutes .  

This requirement  can be mandatory  

for  some  stations depending on 

launch geometry.  The f i r s t  revis ion 

to  this  document will a t tempt  to eval-  

uate this  requi rement  on a launch 
day-by launch day bas is .  

b. 

N O T E :  
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A P P E N D I X  C.  Tracking and Te leme t ry  

Cove r a  g e Capability 

1. INTRODUCTION 

The purpose  of t h i s  appendix i s  to desc r ibe  the t racking and 

t e l eme t ry  coverage capability of the DSIF and the AMR in r e sponse  to the 

r equ i r emen t s  placed on these  two agencies .  

Two p rob lems  have prevented a s  thorough an ana lys i s  as will be 

poss ib le  l a t e r  i n  the p r o g r a m .  

The f i r s t  p rob lem i s  that each of the Ranger  launch per iods  h a s ,  a t t h e  

p r e s e n t  t i m e ,  seven ( 7 )  o r  eight (8) launch days .  Fu r the r  p r o g r e s s  in the 

t r a j ec to ry  design will possibly eliminate one o r  mort’ days i n  each per iod .  

However ,  the number of days  still remaining in  the per iod and the t ime  

allotted for  th i s  f i r s t  I ssue  precludes a detailed ana lys i s  of each iaullch d a y .  

The second problem is that the -4MR response  to support  capabili- 

t i e s  i s  not expected until about August of this y e a r .  

m a t e s  of AMR support  a re  those of the JPL  Launch Constraint  represc,nta- 

t ive.  

n e c e s s a r y  support  fo r  lunar  and planetary missions:,  and -41vR does  not 

commi t  ship support  until shortly before launch. 

The re fo re ,  a l l  tst i-  

In addition, ship support  i s  usually- essent ia l  in providing the 

However,  this  appendix \vi11 s e r v e  to clarify the broad picture, ;ind 

to emphasize a r e a s  in  which niore information i s  nc:edc.d. 

This  appendix will descr ibe  the t racking axid t e lemet ry  coverag( ’  

capabili ty by f i r s t  reviewing the r equ i r emen t s  in P<, r8 graph I1 iollo\~.  iii,c. 

P a r a g r a p h  111 d i scusses  briefly t h e  fac i l i t i es  of the AL3R And DSIF. 

P a r a g r a p h  I V  desc r ibes  the fo rma t  in Lvhich the r e su l t s  will be 

presented .  

The r e su l t s  and appropriate  d i scuss ion  as explained i n  P a r t  LI and 

enumerat ion of the resul tant  constraints  a r e  presented  i n  P a r a g r a p h  111 of 

Appendix D ,  Launch Constraints .  
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II. TRACKING AND T/M REQUIREMENTS, R E V I E W  

Summarizing br ief ly ,  the Class  I tracking and te lemet ry  

r equ i r emen t s  of both the launch vehicle and the spacecraf t .  

-4. Launch Vehicle Requirements 

(1) T/M coverage during the en t i re  powered flight ascent  to parking 

o r b i t .  

T/M coverage during second Agena burn.  

T/M coverage during Agena/Spacecraft separat ion.  
(2)  

( 3 )  

(4) 
( 5 )  

Tracking f r o m  launch to parking orb i t  injection 

Tracking coverage for  one ( 1 )  minute a f te r  parking orb i t  injection 

and for  one ( 1 )  minute af ter  t r ans fe r  orb i t  injection. 

B. Spacecraf t  Requirements  

(1) 

(2)  

( 3 )  

Telemet ry  coverage a t  shroud separat ion.  

Te lemet ry  coverage a t  Agena/Spacecraft separat ion.  

Adequate tracking coverage to allow the orbi t  to  be determined 

to an accuracy  (RMS uncertainty in  semi -ma jo r  axis)  of l e s s  than 

150 k m  a t  Goldstone set minus seven ( 7 )  hours .  

111. -4MR A K D  DSIF STA TION CAPABILITIES 

,4. AMR St;+ions Capabili t ies 

The c' verage f o r  the launch vehicle is provided by fixed land stations 

and mobile tracking and T/M ships provided by AMR. 

uti l ized in this  repor t  a r e :  

The ldnd stations 

C2pe Canaveral  

Grand Bahama Island 

Sari Salvador 

P u e r t o  Rico ( o r  Grand Turk)  

Antigua 

Ascension Island 

P r e t o r i a  

All of these stations a r e  capable of providing both T I M  and t racking cover-  

age  with a horizon l imitation in  the parking o rb i t .  

to 2 -  above the horizon.)  

(AMR guarantees  coverage 
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EPD 130 
It was a l so  assumed that two small T/M sh ips  and one l a r g e  t racking 

and te lemet ry  ship of the Twin Falls Victory var ie ty  would be avai lable .  

Guaranteed coverage f r o m  the small  T/M ships is  l imited to a slant range of 

2 7 0  n.  mi l e s  which l imi t s  them almost  exclusively to coverage during park- 

i n g  orb i t  o r  second burn s ince the altitude and hence slant range i n c r e a s e s  

rapidly a f te r  injection. 

ship has  a maximum s l a n t  range l imi t  of 850 n.  mi l e s  and hence a much 

l a r g e r  area of coverage than the sma l l  T/M ships .  

It was  assumed that the t racking and te lemet ry  

While it i s  more o r  l e s s  cer ta in  that the land stations mentioned 

above will be available for  t h e  Ranger miss ion  the si tuation is not that  

c l e a r  regarding ship support .  

committed to the Ranger mission will not be known until shortly before 

launch, probably a few weeks at bes t .  However,  it i s  fe l t  that coverage 

a s sumed  for  this  analysis  h a s  a reasonable chance of being implemented.  

-4t l e a s t  one additional l a r g e  tracking and T/M ship would be very  des i rab le  

while any support  l e s s  than that assumed f o r  this  study could possibly 

c a u s e  seve re  launch res t r ic t ions  on some days of the launch per iod.  

The number and range of ships  that will be  

The AMR has  t h r e e  (3)  L-Band te lemet ry  s ta t ions which a r e  used 

to provide coverage of the spacecraf t  a t  the spacecraf t  frequency. These 

s ta t ions a r e  usually located either at AMR land stations o r  on AMR track-  

ing o r  te lemet ry  ships .  

B .  DSIF Stations Capabili t ies 

The t racking and te l rmet ry  coverage fo r  the spacecraf t  fo l lowing  

separat ion will be provided by the DSIF stations at Johannesburg,  

Wooniera,  and Goldstone. 

The t h r e e  land stations of the DSIF provide both tracking arid T/h1 

c o-zerage for  the spacecraf t  throughout the mission.  

IV. FORMAT OF RESULTS 

The coverage capability i s  graphically presentcd  i n  two io rmhtc ,  

The  s e r i e s  of these i l lustrat ions cornpri:,e bargraphs  and E a r t h  t r acks .  

F ~ g ~ i r r ; ' ~  C- 1 t h r o u g h  C- 15. 

The bargraphs (F igu re  C.2b) depict  for  R gil-en launch d a y  the 

coi-cragt: hvailable a s  a function of t ime  f r o m  launch and t h t  launch plan 

(,iLimuth). (Due to tiine l imitations only onc bargrdph has  been i n c l u d e d  

i n  this f i r s t  docui i icn t .  hou,cver, in  the final l a u n c h  pldn a s imi la r  
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barg raph  will be included for  each launch date of the launch pe r iod . )  In 
F i g u r e  C-Zb the bargraph is  drawn f o r  f ive d i s c r e t e  azimuths while in  the 

final launch plan the re  will be information fo r  each azimuth angle continu- 

ously.  

The ba rg raphs  a r e  interpreted by selecting a launch azimuth and 

then by reading horizontally a c r o s s  the  page ,  the coverage as a function 

of t ime from launch can be noted. 

Also plotted on the graph a r e  the loci  of second burn t i m e s ,  injec- 

t ion ,  separat ion,  and r e t r o  as  functions of the times f r o m  launch and the 

azimuth angle.  The horizontal  l ines  denoted by the names  of the t racking 

station r ep resen t  the total  t ime that the  station can  "see"  the spacecraf t .  

The b a r s  a c r o s s  the top of each launch plan r ep resen t  the composi te  

coverage o r  the t i m e s  at which at l e a s t  one station i s  viewing the vehicle.  

The Ea r th  t r a c k s  (F igu res  C-2 to G-15)  r ep resen t  typical uprange 

and downrange injection loci  for  typical launch months.  

Subsequent i s s u e s  of th i s  document will  contain an  analysis  of 

each launch day ,  and this  analysis  will include,  wherever  poss ib le ,  the 

AMR es t ima tes  of range support .  
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APPENDIX D. Launch Constraints  

I. INTRODUCTION 

The purpose of this appendix i s  to p re sen t  all the launch constraints  

that  exis t  and the effect  these  constraints  have on the design of the Launch 

Operat ions P lan .  

i n  this i s sue  of the Launch Constraint  Document to the constraints  to the 

launch which resu l t  from a system fa i lure  o r  conflicts i n  schedule with other  

p ro jec t s .  

function as planned a r e  considered. 

I t  should be r emembered  that no consideration i s  given 

Ra the r ,  only launch cons t ra in ts  that ex is t  even when al l  sys tems 

These constraints  wil l  be descr ibed in th i s  A4ppendix i n  the following 

manner :  

Pa rag raph  LI, Range Safety,  desc r ibes  the l imi t s  to the 

allowable launch azimuth sec tor  irn2osed by range safety.  

P a r a g r a p h  UI, Spacecraft  ~ desc r ibes  any  l au -ch  constraints  

which resu l t  because of spacecraf t  hardware  l imitat ions.  

A l s o ,  a n y  operational requi rements  of the spacecraf t  which 

can constrain the launch will be t rea ted .  

Pa rag raph  I V ,  s imilar ly  desc r ibes  the launch vehicle con- 

s t r a in t s .  

Pa rag raph  V descr ibes  the constraints  due to  the AMR and 

JPL  launch operations a t  AMR. 

Pa rag raph  V I  d i scusses  the requi rements  placed by the inis- 

sion on the Flight Operat ions Facil i ty.  I ts  support capability 

of these requirements  will then be descr ibed  andany launch 

constraints  which r e su l t  f r o m  inadequate support \vi11 be l isted.  

Pa rag raph  VI1  desc r ibes ,  in a s imi l a r  fashion,  the launch 

constraints  which r e su l t  f r o m  inadequate DSIF capability. 

Pa rag raph  VILI summar izes  the launch constraints  which 

r e su l t  f rom inadequate tracking and te lemet ry  coverage.  

LI. RANGE SAFETY LAC'KCH CONSTRAINTS 

It  i s  a requirement  that a i l  f l i g h t s  f r o m  ALVR comply wi th  the 

range  safety regulations.  Howevc>r, i t  i s  some t imes  possible  to request  

D- 1 
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a waiver of cer ta in  regulations if the miss ion  objectives cannot be me t  

within the constraints  of the regulations. 

The re  a r e  two AMR regulations which have par t icu lar  bearing on 

the subject of launch constraints .  

Subparagraphs A and B following. 

These  regulations a r e  d iscussed  in 

A .  Overflight of Land M a s s e s  

It  is AMR Range Safety standard policy to - not p e r m i t  vehicles  

launched f r o m  AMR to fly over  any lafld mass during the. flight. 

it is ,  in  fac t ,  impossible  to conduct a luna r  o r  planetary miss ion  unless  

it is pe rmis s ib l e  f o r  the vehicle to fly ove r  land. Hence, i t  is necessa ry  

to  de te rmine  how the resul tant  r i sks  to  populations can be minimized and 

s t i l l  meet  the mission objectives.  

o r  minimizing overflight during the t ime  the vehicle is i n  the ascent  

(pomered) phase p r io r  to injection into the parking orb i t .  

Ranger  and Mar iner  launches,  this solutior, has resul ted in a launch 

azimuth co r r ido r  between 93- 1 l l  deg rees  e a s t  of north.  

c o r r i d o r  a t  all involves overflight of land a t  some point in the mis s ion ,  

and,  therefore ,  a waiver of this  regulation is  required fo r  all launches.  

This  waiver reques t  f o r  the Ranger Block LI1 miss ions  was submitted in 

Apr i l  1963,  requesting permiss ion  to launch between 90- 1 1 3  degrees .  

However,  

The p rob lem i s  solved by eliminating 

F o r  p a s t  

However,  any  

B.  Agena Command Destruct  

Range safety executes  i t s  responsibil i ty for  in- flight safety with 

a czpabiiity fo r  command des t ruc t  of the vehicle.  

package includes the des t ruc t  charge itself and an  R F  rece ive r  to allow 

initiation of the des t ruc t  charge  f rom the ground. 

s t a t e s  that  command des t ruc t  capability of all powered s tages  must  

ex is t .  

Agena vehicles .  

a scen t  phase into the parking orb i t .  The command des t ruc t  for the 

Agena stage i s  disabled a few seconds a f te r  Agena f i r s t  burn cutofi. 

The range safety 

Range safety policy 

Hence,  independent r ece ive r s  must  exist  on both the At las  and 

The capability for des t ruc t  continues throughout the 
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It i s  possible  to request  a waiver of the requi rement  to c a r r y  a n  

independent command sys t em on the Agena. 

requested i f  the miss ion  objectives could not be m e t  otherwise.  

occu r  i f  the added weight of the rece iver  does not allow the vehicle to 

inject  the  spacecraf t  into the proper escape  orb i t .  

the  miss ion  objectives is generally not known until about six months before 

launch s ince the actual vehicle weights and engine per formance  a r e  not 

known e a r l i e r .  

This  waiver  would be 

This can 

Such a compromise  of 

Cur ren t  indications a r e  that the Atlas/Agena launch vehicles  for  

the Ranger Block IIL miss ions  a r e  capable of injecting the spacecraf t  into 

the des i r ed  lunar  impact  o rb i t  without removing the Agena command 

des t ruc t  sys t em.  

The p resence  o r  absence of th i s  command des t ruc t  sys t em can 

influence the launch azimuth sector  granted by range safety,  a s  discussed 

in  A above. This is why this subject i s  t rea ted  in th i s  document.  

HI. SPACECRAFT LAUNCH CONSTRAINTS 

Launch cons t ra in ts  imposed by a normally functioning spacecraf t  

f a l l  into two categories:  

(1)  Functional requi rements ,  and 

( 2 )  Mission objectives a s  they affect  the mission package. 

Category (1 )  covers  such f ac to r s  a s  the the rma l  requi rements  l imit-  

ing the t ime in  the E a r t h ' s  shadow, angular and lighting l imitat ions on the 

E a r t h  s e n s o r ,  and initial communications angles .  

used  a s  inputs i n  the init ial  definitization of the launch period and there-  

f o r e ,  do not r ep resen t  additional cons t ra in ts  a s  launch t ime.  

These  cons t ra in ts  a r e  

The second ca tegory ,  that of the miss ion  objectives and miss ion  

package ,  is a l so  basically accounted for  in the ini t ia l  definit izations.  

However ,  the l ine between acceptable and unacceptable is not necessar i ly  

well defined. 

such that a l l  potentially acceptable t imes  a r e  covered and then leave  the 

final decision of narrowing of the period o r  windows to a l a t e r  da te .  This  

refinement is accomplished a s  fur ther  knowledge of the cha rac t e r i s t i c s  

of the miss ion  package becomes available,  but it is s t i l l  possible  to 

approach a par t icu lar  launch period with some flexibility. 

It i s  t he re fo re ,  of tendesirable  to define a n  initial per iod 
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The non- standard modes a r e  covered by the Launch and Hold Cr i t e r i a  

which wi l l  not only define non- standard conditions and their  effect upon launch,  

but wi l l  a l so  cover  required operations in  case  of a par t icu lar  fa i lure .  

goal in  the design and the support of a spacecraf t  is the requi rement  f o r  a 23- 

hour turn around in c a s e  of spacecraf t  malfunction. 

th i s  h a s  been accomplished wi l l  also be covered in the Launch and Hold 

C r i t e r i a .  

-4 

The degree  to which 

There  a re  no requirements  o r  revalidations that a no rma l  spacecraf t  

imposes  during any par t icu lar  period that would place any constraint  upon 

the overa l l  operation. 

A final possible  launch constraint  i s  the unknown effect of lightning 

in  the immediate  launch a r e a .  Cr i te r ia  wi l l  be  re-establ ished to cover 

these  conditions requir ing the removal of the spacecraf t  in o r d e r  to check 

any possible  effect of the lightning on the squib c i r cu i t s .  

I V .  LAUNCH VEHICLE L4UNCH CONSTR4INTS 

F i r m  re s t r a in t s  for the launch period and launch window have riot y e t  

been received f r o m  LeRC and LMSC. 

de te rmine  all vehicle r e s t r a in t s  on the f i r ing period and window. 

tion da te  fo r  the study i s  not known a t  this t ime.  

information i s  available and will be presented in  this  st2ction. 

fac ts  presented a r e  not documented o r  approved by LeRC. 

A study is under wriy a t  LMSC to 

-A c oniple- 

However,  the iollowing 

Most of the  

A .  Hardware  Constraints  

1.  F i r ing  Window Duration 

Informal information indicates that the lbunch  Lvindo-x Liniita t ion [r. 111 

be two ( 2 )  h o u r s ,  iii a Loxed condition, for  e i ther  pad i 2  o r  pad 13. 

constraint  i s  due to losing l imitations which a r c  not c lear ly  understood a t  

t h i s  t ime.  

2 .  Agena Horizon Sensor  

This 

a .  Sun- in- the- Field- of- View 

The -4gena horizon senso r  does not functiori p r o p e r l y  

when the sun i s  i n  the field of view. 

on Ranger miss ions  and i s  recognized h y  both LeRC ani! 

LMSC. 

t ions in t ime to solve the problem p r io r  to the Ranger 6 i l iqht.  

This problem d o e s  e x i s t  

LeRC i s  current ly  evalu&tii;g \-a r ious possi31c s o l ~ i -  
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This  problem i s  being monitored by the Agena Lunar  

Pe r fo rmance  Panel .  

b. Cold Clouds 

The horizon sensor  a l so  responds improperly to m a s s e s  

of clouds within its f ie ld  of view. 

aware  of this problem and a study is  i n  p r o g r e s s  to de te rmine  

a solution. 

JPL mission.  

monitoring th i s  problem. 

LMSC and LeRC a r e  a l so  

The Ranger Block 3 fl ights a r e  again the pacing 

The Agena Lunar Pe r fo rmance  Pane l  is also 

c. Conclusions 

At p r e s e n t i t  i s  not possible  to pred ic t  whether o r  not 

cons t ra in ts  to the launch per iod o r  launch window will resu l t  

due to these horizon sensor  problems.  However,  the launch 

plan in  Pa rag raph  I11 will acknowledge the possibil i ty that the 

horizon sensor  can ,  in  fact ,  cons t ra in  a launch. 

B. Operational Constraints  

The Agena vehicle i s  validated fo r  launch seve ra l  days  p r i o r  to 

launch. I t  must be periodically revalidated thereaf te r .  LMSC has  stated 

that as a design goal the e a r l i e s t  necessary  revalidation t ime for  the 

Agena will be 30 days  f r o m  the previous Qalidation. 

will r equ i r e  four (4) days.  

w i l l  be validated on day T-9. 

a t tempts  for  21 days before  it must be reval idated.  

than adequate for  the Ranger missions.  

Revalidation i tself  

If J-FACT is per formed on day T-7 ,  the Agena 

Therefore ,  the Agena can support  launch 

This  capability i s  more  

V .  AMR AND J P L  LAUNCH OPERATIONS COXSTRAINTS 

This  section of Appendix D is devoted to those a r e a s  of J P L  and 

AMR operat ions a t  the Cape which a r e  not covered in  Sections LI, III, I V  

and V U .  

A review of these operations has  revealed that  t he re  a r e  no con- 

s t r a in t s  imposed on the Ranger launch per iod  and launch window by these 

oper3t ions.  

windows between 90 and 114 degrees  can be supported.  

II, ILI, I V ,  and VLU must be reviewed to de te rmine  whether o r  not con- 

s t r a in t s  have been placed by JPL or  AMR on the opera t ions  i n  those sect ions.  

Thus,  launch at tempts  on a day-by-day bas is  for  launch 

Again,  P a r a g r a p h s  
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VI. FLIGHT OPER-4TIONS FACILITY L-4UNCH CONSTRAINTS 

The Ranger requi rements  for  space flight operat ions a r e  placed on 

the p r e s e n t  Flight Operations Faci l i ty .  

a var ie ty  of documents and specifications.  

faci l i t ies  i n  support  of these requi rements  a r e  considered in prepara t ion  of 

the Space Flight Operations P lan .  

These requi rements  a r e  covered in 

The capabi l i t ies  of the p re sen t  

e 
The facil i ty constraints  to the launch per iod  and launch window is 

p resen ted  i n  the following Subparagraphs A and B. 

A.  Faci l i t i es  and Pe r sonne l  

The p resen t  facility i s  capable of supporting success ive  launch 

a t tempts  on a day-by-day bas is  throughout the launch window of each day.  

Again,  f a i lu re s  in  p a r t  of the sys t em,  i .  e . ,  non- standard Flight Operations 

Faci l i ty  operat ion,  could, of cour se ,  cons t ra in  a launch. Such cons t ra in ts  

a r e  beyond the scope of this document. 

However,  the p re sen t  facility i s  not capable of supporting a launch 

at tempt  while a previously launched spacecraf t  is  in a c r i t i ca l  phase  of 

operat ion.  

hours .  

is about 40 hours .  

The turnaround t ime f rom one c r i t i ca l  phase to another i s  14 

The turnaround time f r o m  a launch to a subsequent launch at tempt  

B. Communications 

The Space Flight Operations has  operational requi rements  for  corn- 

munications between Flight Operations Fac i l i ty ,  DSLF, and -4MR. R F  

communication l inks  a r e  frequently "down" d u e  to so l a r  t l a r e  s and s ignals  

pass ing  f r o m  daylight to darkness and vice ve r sa .  

sys t em is proper ly  operat ing,  cause  for a launch hold is possible .  

possible  conditions for  hold a r e  descr ibed  below. 

Thus ,  d t h o l ~ g h  the 

These 

a. Communications Between Cape Canaveral  and JPL  Pasadena  

AMR provides  JPL/DSIF with predict ions for ea r ly  

acquisit ion and t racking requir ing:  

(1)  A TTY line between Cape Canaveral  and 

JPL Pasadena .  
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(2) A voice l ine between Cape Canaveral  and 

JPL Pasadena .  

b.  Communications Between Cape Canaveral  and AMR Downrange 

Stations 

AMR must  receive downrange tracking data for  u se  in  

generating prediction data .  

injection and a t  t r ans fe r  orb i t  injection requi re  communications 

be tw e en : 

Data needed a t  parking orb i t  

( 1 )  

(2 )  

Cape Canaveral  and Antigua o r  a l ternate .  

Cape Canaveral  and the tracking station 

providing the post  second burn t racking 

data. 

c .  Communications Between JPL Pasadena  and the DSIF 

JPL mus t  t r ansmi t  predict ions to, and receive data f r o m ,  

the  DSIF station( s) which i s  providing t racking data in support 

of requirements  for ear ly  post second burn tracking data.  

r equ i r e s  : 

This  

A T T Y  line f r o m  JPL to the required DSIF 
station( s) .  

VII .  DSIF LAUNCH CONSTRAINTS 

The DSIF requirements  which must  be me t  before tracking coverage 

can  be committed have been discussed in  Appendix B ,  Pa rag raph  III .B.3.  

T h e r e  a r e ,  however ,  additional fac tors  which call constrain a launch,  even 

when the above mentioned requirements  a r e  m e t .  These  requi rements  a r e  

d iscussed  below. 

A .  Hardware  

( 1 )  DSIF view periods of l e s s  than five ( 5 )  minutes will not be 

commit ted.  

The length of t ime  to  convert  f r o m  one operating frequency 

to  another i s  two ( 2 )  hours .  
( 2 )  
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B .  Operational 

T h e r e  must  be a t  l e a s t  24  hours  between cr i t ica l  opera t ions ,  such a s  

the maneuver  operational sequence on one spacecraf t  and the injection 

t racking of another spacecraf t .  This  l imitat ion on DSIF capabili t ies w i l l  
a 

not constrain Ranger  Block 1J.I launches.  ( I t  is noted that this  requi rement  

will pose  problems of scheduling beginning in  the fal l  of 1964 when Ranger ,  

Mar ine r  C and Surveyor  miss ions  will be conducted during the  same period4 

V U .  TRACKING AND TELEMETRY COVERAGE LAUKCH CONSTRAINTS 

A .  

1. Discussion 

Launch Vehicle Telemet ry  and Tracking Coverage 

Telemet ry  and t racking of the launch vehicle during Ranger  launches 

is  usually difficult for  two r easons .  

First, the spacecraf t  Ea r th  t r a c k s  move f r o m  e a s t  to west  within 

Thus ,  coverage niust be provided the launch window during any  O i l C  day. 

ove r  a broad ocean area.  

Second, the injection loci  moves up and down range i n  a cyclic 

fashion on a day-by-day bas is .  

dif ferent  portion of the ocean each day. 

Thus,  coverage mus t  be provided in  a 

An example of both these  proble-ns i s  shown on F igures  C.4 and 

C. 5. 

tioii loci  for  i typichl launch per iod.  

alld last launch  days of this  per iod ,  a s  wel l .  

in te rmedia te  da);s moves uprange fro:x the December  31 location to  the 

Janua ry  8 location. 

age  during the second burn  and separat ion events  is not complete a c r o s s  

the azimuth sec to r .  Hence,  auxiliary ship support  will be n e c e s s a r y .  

These  f igures  show the most  downrange 2nd most  uprange inJec- 

These also happen to b e  t he  f i r s t  

The injection loci  for the 

A quick glance a t  these  f igures  shows that T/M cover-  

However,  the post- injection tracking r equ i r emen t  can be met  on 

both days  by t racking from e i ther  P r e t o r i a  or Ascension.  

C .  10 and C .  11,  however ,  show that ship support  may be n e c e s s a r y  to 

provide both the t e l eme t ry  and t racking coverage necessa ry  to sa t i s fy  

F igu res  

the requi rements .  

second burn i s  r a t h e r  obvious. It would a l so  be des i r ab le  to obtain 

t racking data  p r i o r  to the Ascension view,  to allow p red ic t s  for  the DSIF 

Requirements  for  ship coverage of te lemet ry  during 
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s i t e s  to be calculated and t ransmit ted in t ime for the Johannesburg p a s s .  

is essent ia l  that Johannesburg data be guaranteed for these  uprange injec- 

t ions.  

It 0 
The discussion h a s  been brief and c u r s o r y  as explained in  Appendix 

However,  subsequent i s s u e s  to th i s  document will contain a n  evaluation C .  

of the day-by-day support which can be expected. 

2. Summary  

It is obvious that  ship support willibe essent ia l  to  the support  of the 

Ranger  miss ions .  

launch azimuth and launch day. 

The degree  of support  will be highly dependent on  the 

A detailed day- by- day study will be made p r i o r  to the publication of 

the f i r s t  revis ion to th i s  document. 

33. 

1.  Discussion 

Spacecraf t  Te leme t ry  a n d  Tracking Coverage 

Support of the spacecraf t  t e lemet ry  requi rements  will be provided by 

the DSIF and by the AMR L- band units and the Agena link T/M stat ions.  

is  des i r ab le  that  the L- band stations be used to complement  the coverage of 

the Agena link, thereby maximizing the total  coverage capabili ty.  

coverage  f r o m  the DSIF station i s  general ly  r e s t r i c t ed  to the 

minute phase of the flight. 

T/M coverage and its capability wi l l  be exploited where  possible .  

m a j o r  burden for  spacecraf t  te lemetry coverage i n  the f i r s t  hour will fa l l ,  

however ,  on the AMR. 

It 

The 

a 
> L t 5 4  

However, Johannesburg can provide important  

The 

A detailed ana lys i s  of the support  that  can be expected will have to 

wai t ,  however ,  until the  -4MR responds to the requi rements  which a r e  now 

being placed on them. 

Spacecraf t  t racking coverage will be provided only by the DSIF. A 

quick review of the  t racking pat terns  for  the Ranger  Block LII shows that i t  

will not be par t icu lar ly  difficult to achieve the C las s  I accuracy  require-  

ments  specified in  Appendix B. However,  s eve ra l  r e s t r i c t ions  to the launch 

window would be necessa ry  to achieve the C l a s s  11 accuracy  requi rements .  
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2 .  Summary 

Ship support will be necessary to meet the Class I T/M requirements. 

Ships are required in some instances to provide the near injection tracking 

necessary for the generation of DSIF look angles. 

the DSIF is usually adequate to meet the Class I tracking requirements for  

the pre-midcourse o r b i t ,  if both Johannesburg and Woomera are operational. 

Spacecraft tracking from 

D- 10 j -  - .  -7 


